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PREFACE 


The present work is based on the lecture notes on 
a systematic course of Organic Chemistry culled 
through an experience of presenting it to Interme¬ 
diate classes, extending over two decades. The taxt 
herein is intended to cover the syllabuses prescribed 
for the Intermediate Examinations of the Indian 
Universities and Education Boards. 

The methods of presentation has certain special 
feature enumerated below, which will very much 
simplify the mastery of the subjects, and will at the 
same time lay a solid foundation in its essentials, that 
will be helpful in creating in the student a real in¬ 
centive for study of the subject in higher stages. 

The special features claimed for this book are 

1. Giving in detail the molecular structure of the 
carbon compounds and the various connected 
reactions by means of their representation 
with a mechanical devise calculated to impart, 
a systematic and clear grasp of the subject. 

2. Discussing in detail the general methods of 
preparation, as also the general properties of 
the various families followed by their applica¬ 
tion in the study of typical members. 

3. Presentation of seventeen tables intended to 
give a connected summary of the various com¬ 
pounds. 

4. The essentials of the subject matter of a chap¬ 
ter are emphasised by variations in type in 
order to facilitate speedy recapitulation on the 
part of the student. 

Inspice of all the care that was taken in bringing 
out the book, it is apprehended that errors and omis- 
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sions might have escaped observation, as its publica^ 
tion had to be hurried through. Communications 
concerning such lapses will be gratefully received. 

It is my pleasant duty to record my grateful thanks 
for all the help received in bringing out this book. 
I am particularly indebted to Dr. B. B. Malvea, 
Principal, E. C. College, Allahabad for the trouble 
he took in going through most of the manuscript 
as also for his healthy criticism and invaluable 
advice. 


JALPA PRASAD. 
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INTRODUCTION. 


rp 'o •' o oncl tli'4 ei^hrei^nth <*. ntury Organic 
.-lifMii' sir a*? b ’ )OVr(i to 'Hit iiramth ot ol’oro'stry 
' u'li fitf' f with subst mce- proilucol in of 

af<i aiiwjials) un er tic* iiiiliieiiCH of tlin 
/’’om* ••t.DpiiRoi to no h88 .oiate<l with ai! living; 
« r'i;ain'-m*. Th> earlit^r cheiai'^ts wore luiali'it to pre- 
■>dre ariili'Oal'y-ub'tiai'fMxi, lik Rugir, v i;‘et-ihla oils, 
resill*, nibbi'r* •]> e^, ur«>a and n'luti* orodiiots 
f I' and plants iu their laboratori >. They, 

tljorefor«, were u impelltd to o ludiide thac the Kttaf 
Fore.* was riecesHary for thtfir produc.soii. Suuli subR- 
tanot-s wt re* therefore, olasRitied as organic* i*onipo> 
und.-. Organic; Oh**njlRtry was ik^'nce defined as that 
hraiii'h of cshemisiry urhioh d^^alc with and 

Ktniiiar other Mibjttaiices. 

3j> th»' y»'ai' 182N Friedrich Wohic. r, *he famous 
Oorman ohoniiKt, howewer. succeeded in preparing 
Liroa \ \ while and orystaJilne soh'd. on’g.n iliv onesur- 
iiig in the urine of animals] in his lafuiralory 
simply by lieatinR ammouiuiu oyanafce, (a Kuhstanc;e 
ourely inorganin in origin\ ipii'c ji dependo'iriy of the 
age.iOT of the '‘Vital FciTue'*, 
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)?KTtl>EICH WOHr.p:H. 

The Jf'amuHft (jf'i’nniH Chct/ii.st v'hnar work nn 
Uren from Amtn(>nivm Cyauatv overthrew the 
‘‘ V’^at Force'* thtonj ia JS2%* 
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Beactlon in Wobler's experiments expressed 
draphlcahy. 

Not 'praphij r‘presen^attoiiR the v-ilenoy 
of all e « mH"t« pp in a m ilecuie of a oompiund 
Is BhoWit by the i^uin'/bz of boLcla or d Jts aUdulitid to it. 



Kr nit'' abov Krip'icr pre'son^,ujr^ of th» two 
ro’i-rou 1 ’ . u*' b. d thi! iii 'lie o ’iv ■; i ni '*f (-iniuo i- 
•'um c ct- a‘« into ur a, t'u'r, i -inihi: ?? n-'ced to nr 
Mib’r 0 <-<1 frc'm l .n mo f'« u o oi’ ni] ;j cyauate ; 

\ et i> i ■iiMitgid a 0 ' »j]> ni'ul, du« to »Mdy the 

ren.j j- m n'- ot tf o atom . in th.i m .locale it’elf. 

Dun: g Hiis r.'xraical diarige vsro obsi^rye that 

(1). Iheov^g o atom, which was linked with the 
atom of nitre gt-o in amtnori um cyanate, gets attached 
to tbo (i^.h .1 Hi m ill tiio moiccu'e of area, and 

(2. the niir gen are.m which pentavaleiit in 
amm niuui cyanate bv.comb8 tnvaleut In the multcule 
of iirt a. 

Such a chemical change, resulting in the con ver¬ 
sion (f one sub'^tai CH into another, only by the read¬ 
justment of the atoms within a molecule, is called 
Intramolecular rf^oetton, Wohler, thu**, pointed out 
that when amm nium cyanah^ is he^itt d, it ut dergoes 
fntramoiecuLir chango and is converted into a new 
Qomptiund urea, which has the same percentage com- 
posii o 1 a-* arimi-unum CvaiiaU*, but which has eltc- 
getner f“ IT r nt cbem cal and phyeictl properties. 
Suca C' mpju ds—havji g ihe same percentage compo- 
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pition.bnt difff^reiit chemioal and physical prop^^rtfes_ 

are c 11 monly met whli in the r.iudy of Organic 
ChiniiHiry. Ti’e dlTenni;.' in the ol;imcil and 
phyic <I properties cf ^UGt^ compounds is due to the 
differ.*r't arrangvt'.unis f)f atoms in the molecules. 
This plonomei-oii oalUd ISomerism and the com¬ 
pounds 'iiYolvetl ihort-in are kn.-wn as Isomers of one 
aiiothtr. Airmo* in.ii cyanato and urea are thus the 
isuiii rs (f i,ach other. 


Organic coinpoond.*!. 


W.>h!er\s worl on the synthesis of nre* was so.iii 
loll.-wed hv t: • ynihosi, of U'.nierows compound' like 
aiojln;. vU'Og r, resms, rnhht*’', dvo-^ and namphr.r 
in the laiorri ry from sinip.e inor!.:an:c sulw a/ooj', 
quiie M d* ii‘ncif.tly (.f tiio Pt.rce. This iiiid-r- 

nrt td th>- taiin o' cheniisis m the theory ot ihe 
Vital FtirCH. and h day thousands of componi'ds, 
preYiousiv eonsid' re 1 to be pr. diifns only <.f she liv'ing 
MrgaijiMns cm by syiithesised'without the 

ii fluenee ( t the Vital Korea. Hence, tin re is left no 
lino of d inarc‘itioii lietween orjjranio ai d inorganic 
rompouiids based on the the.iry ,,, VUnl Force. 


Though the fi rms “Organi.V* ai.d‘Tnorgaiiic’* are 
8‘ili ivtaiiitd in the chemical world, the ha-i-s of tuia 
olasRiticauor* is eniireiy different today. Organic 
toiiipcninds t. diy aio :li" i ornj oii-d-, which iiave 
carbon as the main ooTstituoiit «'lenient and Organic 
Chemistry therefore is the chemistry of carbon com¬ 
pounds. Tin-' ‘•iniuio carlion oempounds l,owi-v«r, 
like carbon tnonoxnie^ carbon dioxide^ and carbonates^ 
are usualK- MiidJed as inorgctin.- c.mipounds ard they 
vvill Hiortlore in,l he coiisidtred iii this book. 


Since, Organic ChoniistTv is a .special branch of 
olumistry winch deals witii the compounds hav¬ 
ing carbon element as an fvseiitial constituent; it 
will be u‘*tful to mention at this stage the following 
three inaportant characteristic properties of carbon 
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(!)• The oub7n atom in unifonnly tetravalent, 
and all its four valencieii ur** apt to bo equally aotive. 

(21. The oarbon fletneiit can link with itself in 
a remarkable way, giving rise to a serins of stable 
compounds of many oarlma atoms. 

(3). Tile carbon f lem'tilt foriu- co'iipoiinds ordin¬ 
arily with only a few f>th 'r nle.iient-i suoli halogen, 
oxygen, nitrogen ard t-n pliur. The compound’* of 
carlnn and hydrogen—are krio*vij livdrocarbons 
and they are the in< st important '•uhstanc.es as they 
constitute th«* pareni of other rarhon ootiipoiinds. 
Since, the valency of carbon atom is four and that of 
the hydrogen is one, the simp es'. Iiydrocarb.in, having 
all the valencie-* of c*'b>n st'.m 'sali'tiHd, will have 
the molecular forinulH (*Hi. I'ms ridrcnt hydrooirbon 
is m'^thaue more popuUrly ki< ;wn «*' mar-th gas. 

Tile graphic formula nf ir.i'.lj.au*- is 

U 

I 

I 

II -C'-ll 

I 

li 

The oarhon ideiiMui , as hit- a'r‘-.flv hf^en )»dnleii 
out ha^ a strong link ng •■ap'iojiy w-jU *.ther c.irbon 
atom'*. W.* Can thu-i have iJ, 4, rl and fv-oi more 
carbon atom-* linked one witii the oth<r, ei^h -** in an 
onen chain or in a o'oscd cliaio sve’em leading to 
two broad classitjcatioiiH ol^ nrginio comp uinds 
namely (I) Open chain or the A.lipbauc (2) Closed chain 
or Aromatic compounds. 
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OpeD chain or Aliphatic Hydrocarbons. 

The following are some of the Open chain hydro¬ 
carbons along with their graphic formulae 


(1). Methane 


<2). Ethane 


(3). Propane 


(4). Butane 


H 

I 

H-C—H. 

I 

H 


H H 

I I 

H—C~C—H, 

I I 

H H 


H H H 

1 I I 

Ii-_C—C-C-H, 

I I 1 

H H H 


K H H H 

('ll 

H—G-C-.-C C—H, 

I I i I 

H H H H 


H H H H H 

I I i I I 

H—C - C—C~C C—H. 
I I I I I 
H H H H H 


(5). Pentane 
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The above mentioned five hydruoarbone are the 
oompound'i in which each of the four bonds of every 
carbon atom is fully satisfied, and hence, they are all 
saturated hydrocarbons. On the other hand, when 
one or more than one of the carbon atoms present in 
a molecule are not fully satisfied, the compounds are 
known as unsaturated. 


Example of unsaturated hydrocarbons 


r- 

Ethylene 
H H 

I i 

H-C-C—H 



Acetylene 
H H 

—C- -C- 
I I 


(1) Ethylene 

(2) Acetylene 

It is an example of the 
unsaturated hyd ocarbon 
in which only one bmd » f 
each of the two adjicent 
carbon atoms is free. 
These two fieo bonds join 
together to uivei a double 
linkage betwern the two 
adjacent carbon atoniS. 
Ethylene is thus graphi¬ 
cally represented as 
follows :— 

H H 

1 1 

H^C-C—H 
Kthrlf ne 

It is an example of the 
unsa urated hylmcar^on * 
in which each of the two 
adjacent carbon atoms has 
t^o free bonds. These 
bonds j in together to 
give a triple linkage bet¬ 
ween the t^vo adjacent 
carbon atoms. Acety¬ 
lene is thus graphically 
represented as follows :— 

H H 

1 1 

CSC 

Aoetvlf*ne 
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Closed Chain or Aramatic Hydrocarbons. 

The following are some of the cl">sed chain hydro¬ 
carbons along with their graphic formulae :— 

(]). Beneze. (2). Toluene, 



As a result of the strong linking capacitv of carbon 
atoms, there is a profusion of carbon compounds. 
We are today familiar with hundreds of or^janic com¬ 
pounds. It is interesting to note that although 
oarbon combines relatively with only a few elements 
like hydrogen, halogen, oxygen, nitrogen and 
sulphur, yet organic compounds are classified into 
well defined Families. Each family consists of various 
members, which are caeraically similar and whose 
molecular formulee are found in arithmetical progre¬ 
ssion with a common difference of CH 2 , forming 
what is khowa as the homologous series. 



CHAPTER I. 


ParificatioD, Qualitative and Qaantitatlve Analysis- 
of Organic Gompodnds. 

Before giving a systeinatio account of organic 
chemistry, it is necessary to describe some of the 
simple processes, used in the purification of organic- 
compounds, as they have to be obtained in a pure form 
for the study of their composition and properties. We 
shall describe the methods used in their purification 
of solids and liquids :— 

Purification of solid compounds. 

There are three processes ;— 

(1) Crystailisation, 

(2) Fractional crystallisation. 

(3) !?ublimation. 

Notes: —(1) Each of these processes is to be 
repeated till the desired degree of 
purity is achieved. 

C2) The purity of an organic solid is tested 
by its sharp and constant melting 
point, the determination of which is 
described subsequently on page 12. 

The above three processes are described one after 
another:— 


1. Crystallisation. 

(a) The pDrification ol an organic solid mixed 
with inorganic substances. 

The mixture is shaked or warmed with alcohol, 
chloroform, ether or some other suitable organic 
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■fiolvent, in which the eubsianoe to be purified is 
polubiH. The insoluble substances can then be sepa¬ 
rated by fiitratiOQ described below : — 

Filtration. 

It is a process to separate the 
su perded solid particles or precipi¬ 
tate s from a liquid. The arrange 
ment of the apparatus for this, 
process is shown in the Fig. 1- 
In this process of duration, the 
filter paper should be fitted into the 
funnel in such a way as to remove 
all air spaces batween the filter paper 
and the gl^s^ furface, otherwise the 
process of filtration is retarded. 

Filter paper folding and fitting :—> 

The filter pap ‘r fs :o5d d ones along its diameter, 
next along its ra ii .8-lig r.ly oblique, so as to make 
it a one. Put the righc hmd thumb into t^e cone 
and pi ess it d )wn into th*^- fu uiel Put in a little water 
into the filter cooe cow and co tinue pre*^8ing gently 
the inner fold of the filter pap r tiil the funnel makes 
one or two comp ete r m d, eUminating all the air 
bubbles from the entire surface. 

Filter paper fittiog. 

The filter paper is fitud into the funnel as shown 
belew : - 




Fig. 2. 
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After filtration, the filtrate is oonoentrated to a 
point suitable for crystallisation, then it is allowed to 
stand till the crystalliBation is ocmpleie. The erystals 
of the solute are separated by filtration and they are 
dried. The process is repeated till the desired degree 
of purity is attained. 

I 

(2) Fractional Crjfstallisation. 

(b) The paritication of an Organic solid mixed with 
other organic substance. 

Dissolve the mixture in a solvent, in which one of 
the components is more soluble than the other. The 
crystals separated earlier fnm such a solu ion, will 
be mo^'ly (he solute, which is less soluble in the solvent 
selecited The crystals of such a solute are separated 
by flltratinn. The filtrate is nfxt corcentrated and 
cooled. The crystals F^eparating out now, will bo 
mostly tho sf lute whose solubility in the solvent is 
greater. Sulj o ing both the crc p-i of crystals so 
obtained, to the similar pioce s of or>si^tiiisation 
several times, ihe components of ti.e mixture can be 
F-eparated and obtained in a hi^h f^egree of purity. 
T/ifi proce^n of repeated crystaHimtion and separation 
into two or more rropa of crystal..^ is known as frac- 
tonal crystalti.nation. Th.s prv Oess is very useful in 
industrial works. 

3. Sublimation. 

(a) The PurfYlcatfon of a mixture of a volatile solid 
with a non-volatile substance. 

Ti e ri ix*ur ' is healed in a di^*h cov^rfd over by 
another ha'* n, winch i' ktpt cool. This basin should 
he fairly ceep and placel inverted over the diSh con¬ 
taining the mixture. 

The VO at le compound, sublimates on the inner 
surface of the covering basin. 

Testing the purity of a solid. 

A pure organic sol d should give a sharp and cons¬ 
tant melting point 
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Determination of Melting Point. 

Select a oapillary tube A as shown in figure 3. 
Take a small quant ty of ttie dry and powdered subs¬ 
tance at the open and wider end of the tube A. Tap 
it down, till the solid reaches right up to the sealed 
end of the tubd shown in B, Attach the tube to the 
stem of an accurate thermometer with a rubber band. 
Take care that the sealed end of the tube, containing 
the solid, is at the level of the bulb of the ihermcmeter 
as shown in C. 

Suf»pend the thermome¬ 
ter now into the beaker, 
containing a stirrer and a 
clear liquid, whose boiling 
point is higher than the 
melting point of the sfdid 
under examination. Keep 
the rubber band clear of a 
the liquid bath as shown j 
in D. The liquid is heated i 
over a low flatne and is ; 
kept well stirred, till the 
substance taken in the 
oapillary tube melts. The ' 
temperature at which the 
substance begins to melt 
is quickly noted. If the 
solid substance is pure it 
will give a sharp and a 
constant melting point, otherwise, the process o 
purification is to be repealed. 

Purification of a Liquid. 

There are four proct sses ;— 

(1) Distillation. 

12) Fractional distillation. 

(3) Distillation under reduced pressure. 

(4) Steam distillation. 

Notes ;— (1) Fach of these processes is to be repeat¬ 
ed, till the desired degree of purity is achieved. 
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(2) The purity of an organic liquid is 
tested by the sharp and constant boiling point, the 
determina iofi t.f which is described on page 18. 
The above four processes are described one after an* 
other. 

(1) Distillation 

(a) Purificaion of an organic liquid dissolved in 
another liquid when (he Boiling Points of both the 
liquids are fairly far apart. 

The mixture is heited in a distilling flask F. fitted 
up with a thenuorueter T, the bulb of which is kept 
a little below ih- s'd^ tube, which is connected with a 
oonden&er G and a receiver 11, as shown in the Fig 4. 



The liquid having a lower boiling point distills over 
first and is collected in the receiver K. which is not 
changed so long as the temperature remains constant. 
As the temperature begins to rise and reaches the boil¬ 
ing point of the other liquid, the distillate'is collected in 
another receiver, so long as the temperature remains 
constant at the boiling point ot the liquid having 
higher boiling point. 
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(2) Fractional Distillation. 

(6) Purification of an organic liquid dissolved in 
another llqoid, when the boiling point of the two 
liquids are not far apart. 

During the distillation of such a niixture, the tem¬ 
perature rises continuously ard the complete separa¬ 
tion of ihe constituents of the mixture, is possible 
only \y fractional diHtHlation^ in which the distillate, 
is cflnct in diff rei.t receivers at the interval of 
5° to 10^ as needtd. The contents of the different 
receivers are, redisti led in tue same manner over and 
over aiiain, till the co» sti nents cf the mix.ure are 
obtain* d in pure condition. 

To m^kr) ihis pr cis-i ff fractional distillation 
more efficient and < onv- ni *ijt, the flask A is fitt d with 
a fracii nating column b’ pr vid. d with a tht rrno- 
meter T, as shown in the figure 5. [Several types of 
fractionating colums are in ust]. 

The vapours cf 
the mixture, while 
ascending the frac¬ 
tionating column F 
are cooled and the 
vapour of the less 
volatile liquid oon- 
denses more and 
more, as it goes up 
through a series of 
obstructions, and 
is returned back 
into the distilling 
flask. Thus the 
vapour issuing 
forth from the top 
of the fractionat¬ 
ing column, con¬ 
tains a high per¬ 
centage of the 
vapour of the 



Fig. 5. 
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more valatile liquid. This distillate collected in the 
receiver is v<-ry rich in the liquid, which is more 
vo'atile. Subjecting tbe^e ptodtcts of fractional dis¬ 
til at ion to. the {-a lie eperaion tviice or thrice, the 
different cont-tiiuents of the mixture, are obtaioed in 
a pure coudiiic n.' Repeated distiiiatic n, are thue 
avoided with the use of a fractionating column. 


(3) Distillation ander Rednced pressure. 

(c) Purification of a liquid dissolved in another, 
when the components of the solntfun are such as are 
decomposed before or at toeir Boiling Point, 

In such cai^ep, the di^tilhtion or even fractional 
distillinon has to bj done under redu td prt ensure, 
knowing as we ( o, tLat liquids can bo mide to boil at 
a low lernioraturo at reduc d prtssufe. For dis illing a 
liquif-1, uiicec .mpjSid under reduced pressure, the 



receiver F lised in the arrangement is a distilling 
fla^k, the i eckof which is connected to the condenser 
a.ir-tight. The Hiue tube of the receiver is attached air 
t^ght to an ex( aust pump, as well as to a monometer 
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through a T-tube, as shown in figure 6. Thus, as the 
exhaust pump works, the liquid is made to boil, under 
reduced pressure at a lower temperature, at which it 
distills over undecomp sed. 

(4^ Steam Distillation. 

(d) Separation of a liquid from another when one 
of the components of the mixture is Volatile in Steam. 

The arrangement used for the purpose of steam 
distillation is shown in figure 7. 

The mixture is taken in the flask inclined as 
shown in the diagram. A rapid current of s^eam 
generated in a vessel D. is bubbled through the liquid 
in flask F. The steam and the vapour of the 



Fig. 7. 

.volatile substance in the mixture are condensed in the 
condenser C and collected in the receiver. The prganio 
liquid in the receiver, if soluble in water, is separated 
by distillation ; but if it is immisable, tne liquid is 
separated with a separating funnel. 



Use of a Separating Funnel. 

The mixture is taken in a sepa~ 
rating funnel as shown ia figure 8, 
The mixtiK© is allowed to stand for 
Bometime, during which, the mixture 
separates out in two definite layers, 
the heavier liquid being at the 
bottom. Now open the stop cock 
carefully and run out the lower por¬ 
tion in a separate vessel. 



Testing the parity of a Liquid 

A pure organic liquid should always give a sharp 
and a constant boiling point, if the atmospheric 
nres^ure remains unchanged during the experiment. 


Determination of D 9 iliog Point. 

Select a hno oipiilary tube A, sealed at one end 
and opsn at the oth^r, as shown in figure 9. Put this 
capilb^ry tube into an igriition tube B, keeping the 
seil. d end t;ho capillarv tube up. The i qiiicl 
undjr exainiiiation is iiiuoduced into the ignition 
tub , jm’t enough, as to completely cover the top of 
the capillary tuoe. Next: the lub^ is attached to the 
stern of the thermomet-'r with a rubber band as shown 
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"in D. Suspend the thermometer now into the beaker 
containing a stirrer and a clear liquid whose B. P. is 


ABC 


IM 


D 


I -k'l 


j I 

I 'I 






I I 
I I 
I 1 



1 

I 





Fig. 9. 

higher than the B. P. of the liquid under examination. 
The liquid is heated over a low flame and is kept well 
stirred. Watch carefully the lower end of the capil¬ 
lary tube. You would notice that a stray bubble comes 
out of the capillary tube from its open end directed 
towards the bottom of the ignition tube. You are now 
very close to the boiling point of the liquid. Continue 
to watch carefully and you would notice another bub¬ 
ble followed by more; but soon after a regular stream 
of bubbles will issue forth and just and the moment^ 
note the reading on the thermometer. This is the 
boiling point of the liquid. This may be checked by 
repeating the experiment twice or thrice. 
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Qualitative Anali^sis. 

Detection of Nitrogen, Sulphur and the Halogen 
in an organic substance or a mixture. 

Take a piece of sodium cut to the size of a pea, 
press it between a few folds of a blotting paper, so 
aa to remove completely, traces of kerosene oil from 
surface of the sodmm piece. Tutrouuce it into an 
Ignition-tube which i ^ a very small and narrow tube 
of glass. Next, intr; duc^^ into it a pinch of the subs¬ 
tance finely powdered. Hold the ignition tuoe with 
a paper-h dder or bef^er in nn af«be4os pad ?ind warm 
the tube gently, moving it in siiid out; of the flame 
for sometime. If the su'stance under examination 
IS a liquid^ a longer ignition tut e should be used ; 
and the warming should be continued longer and 
more cautiously, so that the liquid is not volatilized 
before it is able to act on the sf dium piece. Next, heat 
it stroirgly for about 10 to 15 minutes till all apparent 
reactions have ceased ; and tlie b ittom of the tube 
shows signs of melting. Now c loi and crush it care¬ 
fully in a small basin containing not mere than 10 c.c. 
of water. Boil it and filter, (h)llect the filtrate 
in a test-tube and divide the filtrate into 4 parts :— 

1. Use part A for the detection of nitrogen. 

2. Uf-e part B for the detection of sulphur. 

3. Use part C for the detection of bro nine and 
iodine. 

4. Use part D for the detection of chlorine only. 

1. Treatment ol Part A. 

Add to it a few drops of NaOH solution and a satur¬ 
ated solution of ferrous sulphate little by little till 
ferrous hydroxide is completely precipitated. Boil it and 
cool under tap-water. Now add only a few drops of 
ferric chloride. Shake and add to it cone : HCl till 
the precipitate, formed earlier dissolves completely. If 
there appears a blue precipitate or even a green 
solution, the presence of nitrogen is confirmed, 
otherwise, it is absent. 
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2. Treatmeat of part B. 

Add to it a drop or two of a freshly prepared 
8odium*nilro-prusside solution. If there is a violet 
colouration, the presence of sulphur is confirmed, 
otherwise, it is absent. 

3. Treatment of part C. 

Add to it a strong solution of chlorine water in 
excess and a little chloroform. S iakeitwell, If the 
chloroform at thn bottom of the test tube appears : — 

{%) brown-bromine is confirm-d. 

{ii\ violet-iodine is confirrat^d. 

(in) colourless—bromine and iodine are absent. 

4, Treatment of part D for chlorine only. 

(a) . If nitrogen is absent, add AgNOg solution. 

A whito and curdy prec'pitate soluble in 
dilute ammonia confirms the presence of 
chlorine. 

(b) . If nitrogen is present^ transfer part D into a 

dish, add to it about 1 o.c. of cone : 
HNO;^ ar,d b il for a few minutes. 
Extract it with a little distilled water. 
Next add Af'NO.-j s duhon t(j the extract. 
A whit ' at.d curdy precipitate, soluble 
in flila'’e ammoni*?, contirinsthe presence 
i>f chioriiO'. 

' Chemistry of detection of these elements in* an 
organic cooipouti ^ - 

Reactions of Sodium in the ignitiro tube. 

Thu sodiu n, wh n t?e.ii«d C;;.v ia ly wdth the 
organic substance, c.mbinv-^s with o.ir:'on bind nitrogen 
of the siiistanc' orin stulium o , a.nide, and with 
sulphur and hal n, it forms sodium suiphide and 
halide r<-8pectiv. iy. 

1. Na-tC + N = :saCN. 

2. 2Na + S =Na.^S. 

3. Na+Cl =N>xCl. 

4. Na-j-Br «=NftBr. 

5. Na+l =Nal. 
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When the tube after ignition, is crushed in a 
dish containing a little water, the i xoess of sodium, 
if any, decomposes water liberating hydrogen, which 
may be inflamed, if tha tube is h t. Hence, the tube 
should he coohd before it is crushed. 

Reaction ;—Na + H.OH = NaOH4-H. 

On boiling, the f^odiuin compounds which are for¬ 
med during the ignition go in solution. 

Beactioas daring the detection of Nitrogen in Part A. 

The sod’um hydroxide acts on ferrous sulphate^ 
forming sodium sulphate and a green precipitate of 
ferrous hydroxide :— 

2 Na 0 H+F.S 04 =NaaS 04 +Fe( 0 H) 2 . 

On boiling, the ferrous hydroxide reacts with 
sodium cyanide, forming sodium ferrocyanide and 
sodium hydroxide :— 

Fe(OH)a + 6 NaCN=»Na 4 F. (GNle-i-2NaOH. 

On acidifying the so’ution in cold, th- ferric chlor¬ 
ide reacts with sodium feirocyani e, nrtcipitating a 
complex compound cal'el Prussian Blue, which if 
present in irac dissolves, giving only a green 
solution :— 

4 FeClg + S Na4Ft(CN)G«Fe4 [Fe(CN)Gl3-F 

12 NaCI. 

Beactions daring the detection of Sulphur in Part B. 

Scdium sulphid^^ if nnseiiit, acts on sodium iiitro- 
prusside, forming n violet cemplex compound whose 
constitution is unc rtain. 

Beactions during the detection of Bromine and 

Iodine in Part C. 

From all bromides or iidid#*s, chlorine is able to 
replace respective! r bromine or iodine, which dissolves 
in chloroform, imparting to it, brown or violet colour. 
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Reactions in the detection of chiorine in Part D. 

In the ab‘?ence of sodium cyanide, the AgNOs 
solution acts on NaCl giving a white and curdy preci¬ 
pitate of silver cnlonde which is soluble in dil 
ammonia :— 

Ag N0£,>i-NaCi«AgCl + NaN03. 

If sodium cyanide, is present it must be decom¬ 
posed by strong nitric acid; and the hydrocvanio acid 
so formed should be removed by boiling, before adding 
AgNOs. suiution, otherwise, there will be a white 
precipitate of AgCM soluble in dil ammonia. 

Quantitative Analysis. 

Quantitative analysis usually follows the qualita¬ 
tive. It is necessary, therefore to consider the quan¬ 
titative estijr.ation of carbon, hydrogen, halogen, 
sulphur and nitrogen in an organic substance. 

A. Estimation of Carbon and Hydrogen. 



Liebig 

Liebig*s Method :— 

This method i* used for the estimation of carbon 
and hydrogen. Tne apparatus, in which these two 
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•alements are quantitatively estimated, is a long hard 
glass tube known as a .combustion tube, in whioli a 
weighed amount of the given substance taken in a 
boat (C) is strongly heated in a combustion furnace. 
A current of oxygen gas free from CO 3 and moisture, 
is passed through one end (a) of the tube. The prod¬ 
ucts of combustion namely water vapour arc! carbon- 
dioxide are absorbed respectively in the U-tube con¬ 
taining fused CaCla and the potash bulb, (both separ- 
ately weighed) which are connected to the other end 
(b) of the tube. 

The entire arran gement of the apparatus is shown 
in Fig» lo continued with Fig, 11. 



I 

Fig. 10, 

(1) From (a) to (A) is an air space. 

( 2 ) B is the oxidised copper roll. 

(3) C is the boat containing X grams of the organic 

substance under examination. 

(4) D is the oxidised copper roll. 

<"5) E is the cuppric oxide. 

(ft) F is the oxidised copper roll. 

(7) From (F) to (b) is an air space. 



Fig. 11. 
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( 8 ) The U-tube containing fnsed CaC!a absorbs 
moistiire. 

(9) The potash bulb absorbs CO 2 * 

After the coDiphte combustion of the sub-stance 
the supply of oxygen gas is out off and air free frolu 
H 2 O and CO 2 is passed through tho apparatus for 
8001 e time. Next, the TJ-tube and the potash bulb 
are detached and weighed again. The difference in 
the second and the first weighings of the U tube gives 
the weight cf H.O and that of the potash bulb tho 
weight of CO 2 formed from the known weight of the 
substance under examination. 


Calculation of the percentage of carbon and hydro- 
qen in the siihsPmce. 

Let X grams be the weight of the substance. 

Y grams be the weight of HgO formed, 

7a grama be the weight of CO 2 formed. 

For calculating th ' percentage of carbon, we know 
from the molecular formula of CO 2 that, 

44 grams o( CO 2 contain Vi grams of carbon. 


m • 


1 gram of CO 2 contains 


12 

44 


gram of carbon. 


12 X 7 

Z grams of CO 2 contain ^ grams ot carbon, 

44 


Hence, X grams of the substance contain 


12XZ 


9 

• « 


44 

grams of carbon. 
l2 X 7 

1 gram of the substance contains ——-- grams 

X X 44 

of carbon 

12 X Z X100 


100 grams of the substance contain 


Xx44 

grams of carbon 
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Likewise. 

For Gftloulatin;? the percentage of hydrogen, we^ 
know from the molecuUr formula of H 2 O that, 

18 grams of H 2 O contain 2 grams of hydrogen. 

2 

/- 1 gram of H 2 P contains — gram of hydrogen. 

lo 


Y grams of H 2 O contain 


J8 


grams of 
hydrogor 


Hence, 

X grams of the substance contain 


2xY 

18 


grams of 


hydrogen 


2 X Y 

.% 1 gram of the substance contains grams of 

Jo X X 

hydrogen. 


• a 


100 grams of the substance contain 


2XYX100 

J8xX 


grams of hydrogen. 

B. £stimati«D of Halogen. 

Carius' Method *— 

A thick-walled tube sealed at one end is selected 
A few c. c. of fuming nitric acid and a litt’o of silver 
nitrate are introduced into it. Next a weighed amount 
of the substance taken in a small and narrow tube is 
gently and carefully slipped in. The free end of the 
thick-walled tube is drawn out to a jet and then 
sealed. This tube is next placed horizontally into a 
special hot-air furnace and heated at 200°0 for 6 
hours. The furnace’s then cooled to room tempera¬ 
ture. The tube is taken out of it and the jet end is 
carefully filled off. The contents are washed out into 
a breaker carrying all the precipitate of silver halide, 
which is separated by filtration, dried and weighed. 

From the weight of the silver halide, the weight 
of halogen is calculated as usual. 
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C. Estimation of Sulphur. 

Carius' Method 

The procedure for the e 8 tim%tion of sulphur is 
the same as just des-cribed for the estimitioii o 
halogen with the difference, that in this case 
silver nitrate is not taken in the thick walle 
tube. Alter heating the tube in the hot-aic 
furnace, its contents are washed out into a Ijeaker. 
The solution in the beaker contains the entire amount 
of the sulphur present in the substance as HaS 04 , 
which is precipitated as BaS 04 by adding a solution 
of BaCl 2 to it. The precipitate is filtered, washei, 
Cried and weighed. From the weight of BaSO.i, the 
weight of sulphur is calculated as usual. 

D. Estimation of Nitrogen. 

There are two methods in use for the estimation 
of this element. 

1 . Dumas* method, 

2, Kjeldahl’s method. 



J. B. Dnmas 
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i. Dumas Meihod 

This method is described diagrametioally as noted 
below :— 



Fig. 12 

(1) . The tube containing sodiuQi bicarbonate on 

being heated evolves CO 2 . 

(2) . The wash bottle containing strong HaS 04 

dehydrates COa- 

(3) , A to G is the combustion tube. 

(4) . B is tlie oxidised copper coil. 

(5) . C is a mixture of fine CuO and X grams of 

the substance under examination. 

(6) . D is ee fine CuO. 

(7) . E is CuO in the wire form. 

18), F is th« reduced c.pptr coil. 

A known quantity of the substance, say X grams 
mixed with enough of CuO, is heated in a combustion 
tube AG over a furnace, ard a current of dry 00^ 
from the NaHCOs tube is swept through the combus¬ 
tion tube. As the substance is heated with cupric 
oxide (CuO\ the entire amount of nitrogen present 
in it is oxidised to nitrogen oxide, which is next 
reduced by heated copper spiral to nitrogen. The 
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nitrogen gas so librated is collected over a strong 
solution of KOH into the graduated nitrometer 
(attached to the end G of the tube A. G). The KOH 
solution absorbs CO 2 . The nitrometer gives the 
volume of nitrogen evolved from X grams of the subs- 
tan(5e at certain temperature and pressure. This 
volume is reduced at N. T. P. 

Suppose the volume of nitrogen collected in the 
nitrometer at t^^C and m m pressure is Vi. 

Now applying Boyle's and Charles* Law. 

Vi X p ^ — y.o ^ B o 
Ti '■ To 

We have, 

V,xPt^V^oX760 

2734-ti 273 


, 7 ^ 273 XV, X P, . TLT rr, 

" 7t0xT273+tiT 

From Avagadro’s livpothesis, we know that 2i'4 
litres of nitrogen at JM. T. P. weigh grams, 

or 224 OO 0 .C. of nitrogen at N. T. P. weigh 28 
grams. 

or Ic.c. of ^'iitrogon at N. T. P, weighs 
, 273x ViXP, 4 . XT rn t:, 

* Teo xlaw+t,)® 


22400 


graiu. 


28X273XV3XP1 
224"l70x”760X(273+t^^ ® 

Hence, 

X grams cf the substance contains. 


28X273X ViXPi 
22406x760xt273+tij 


grams of nitrogen. 


/. 1 gram of the substance contain. 


^8x273xVi XPi _ 
22400 X 760 X (273+ti) "x X 


grams of nitrogen. 
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«*• 100 grams of the substance contain. 


28x27 3 xViX Pi X100 
22400 X 760 X (273+ti) X X 


grams of nitrogen. 


(2) KjeldahVs method 




Fig. 13 

X grams of the substanoe is heated strongly with 
K 3 SO* and 112^04 in excess in a round bottom fUsk 
having a long neck (Fig. 13 A.) The potassium sul¬ 
phate htdps the oxidation of C and H present in the 
substance to OO^ and H 2 O, while the entire amount of 
the nitrogen is converted into aramouia NH 3 . The 
ammonia so evolved ads on the excess of II 2 SO 4 in 
the flask A. and is converted into ammoniu n sulphate. 

Aft^r the cunplotioh of the reAcUon as indtcited 
by the disapp.^dfance of the flark colour of the mixture, 
the cotourlrps mixts^re of the flavk A is u-ansferred 
carefullv into a disciflmg arran^em *nt, (Fig. 13 B), 
and is distilled *vith an excess or oauslic sodi soiurion. 
The entire ammonia NH 3 so evolvtd is absorbed in 
a measu.ed volume of a standard acid solution in 
excess in a conical flask(Fig 13). Tue excels of 
the acid in the conical flask is next neu iraliz^d a 
standard solution of an alkali. Finally, the amount of 
nitrogen is Oilculated volumetric ally in the usuU way. 



CHAPTER II. 


Ssrstematic study of Open chain componnds. 
(Saturated Series). 

The open chain compounds are classified into the 
following familieH :— 

( 1 ) . Hydrocarbons ere th^ compounds of C and 

H oiemcnts only. 

(2) . Halogen derivatives of the hydrocarbons are 

the compounds of C, 11 and the liaiogeii 
elements only. 

(3) . Alcohols are the compounds of C, H and O ole* 

mciiTs only. 

(4) . Aldehydes and Ketones aro the coinpoundw of 

C, H and O elements only. 

(5) . Fatty Acids are the compounds of C, II and O 

elements only. 

(6) . Esters and Salts are the compounds <^f C, H 

and O elements. The salts have ia addition to 
these Na. K, Ca, Mg and N also. 

(7) . Amides, are the compounds of C. H, O and 

N elements only. 

( 8 ) . Cyanides, are the compounds of C, H and N 

elements only. 

(9) . Amines are the compounds of C, H O and N 

elements only. 

( 10 ) Acid Chlorides* are the compounds of C, H, O 

and Cl elements only. 

(11) . Add Anhydrides, are the compounds of C, H 

and O elements only. 
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(12). Ethers are the compoands of C. H and 0 
elements only. 

We shall consider these twelve tamilies one after 
another in the subsequent chapters. 

In making the study of these families, we have 
considered in this work, tho noiiieuclatiire, molecular 
and graphic formula of its various members: and 
discussed in detail their general methods of preparation 
as also their general properties followed by its appli¬ 
cation in the study of the first two typical member'^ 
of each group. Towards the close of chapters 
devot- d to the various families, the nianufacfur (only 
of the compounds prescribed) distinctive tests and 
uses of the typical members have also been dealt 
with. 



CHAPTER III. 

Hydrocarbons 

We have already made ourselvoR familiar with the 
hrst five members of this family. These five members 
are(i)Methaae (2) Ethane (3) Propane (4) Butane 
(5) Pentane. The molecular formulm of these and 
other higher hydrocarbons can be derived from a 

general formula ''^here the value of ^*n” 

may be 3, 2, 3, 4, 5 and soon. The molecular forraulcB 
of the first five members of hydrocarbons are thus 
noted below :— 

(1) Methane = CH4 

(2) Ethane ~C 2 Ho 

(3) Propane ^Calla 

(4) Butare = C4liio 

(5) Penttne = C5Hi2 

The next higher hydr )CArhoris ar<> hexane, 
heptane, octane, nonAiio ai d dec^ne, having b, 7, 8, 

9 ai d 10 carbon atoms respectively in their molebules. 
Theoreticdliy, tht re may be any numter or hydro¬ 
carbons; ! ut v>7e shall deal with only the first few of 
them in this book. 

In the study of organic compounds their molecular 
formulae alone do not suffice for our purposes. We 
need know the Structural or Graphic Formulae as 
well. The graphic formulae of compounds lead to 
a clear understanding of the constitutional structures, 
not only of the parent substances but also of their 
derivatives. 
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Graphic formalae of the hydrocarbons 

Alkyls By dropping out any atom of hydrog^^u 
from the molecular formula of a hydrocarbon, one 
gets to a monovalent radical calh'd an alki/l of the 
corresponding hydrocarbon. Th-i-o monovalent alhjls 
are only hypothetical groups ••£ c i^rbon and hydrogen 
atoms capable to enter into a ohemi al change. The 
namo cf such an alkyl is obi.u,iiio 1 by replacing the 
suffix “urte” of a hydiocarboii wiih the huriix 

Table No: 1 shows the relation of tho first five 
hydrocarbons to their monovabrnt alkyls. 

Table ^o, 1 



Hydr iCarboris. 

rheir iiu>n<)vab'nt alkyls j 

No. 

Narnf s. 

M 'lecular 
fortiiuhe. 


Fo"-mn.'m 

1. 

Methane. 

CH*. 

Methyl. 

CH»- 

2. 

Ethane. 

CaHft. 

Ethyl. 

OaH. 

3 . 

Propane. 

GsHs. 

Propil. 

C3H7- 

4 . 

Butane. 

C4H10. 

Butyl. 

C4FI,- 


Pentane, 

CgHia. 

Pentyl. 

C.H.i- 

1 


3 
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Methane, Ethane and their Alkyls compared gra* 
phically In table No. 2. 

Tabl<^ No. 2 


Hyd’"''carbons 

Graphic 
t .rmulaae 

Name of the 
alkyls. 

'Graphio for- 
mul® of 
th« alkvls 


H 

1 

H 

I 

H 


H 

1. Methane 

1. Methyl 

I 

H~C— 

1 

H 


H H 

1 

H H 

1 1 1 
H—C—C— 

! 1 

H H 

2. Ethane 

H—C -C—H 

H H ! 

[ 2. Ethyl 

i 


Methane and Ethane give only one “aikyl” each : 
b cause, in a molecu o of methane, there is only one 
c>.rbon atom; and in a molecule of ethane, there are 
tw< caibon atoms which are Byrametrioal, Hence, if 
we diop out any one out of the 4 atom^ of hydrogen in 
n eitiane, or any one out of the 6 atoms in ethane, in 
t hC ' caBe, we get identical alkyls. In the third hydro- 
caibun, proporm, however, we shall get two different 
ajky'B tor the following reasons :— 

H H H 

Propane. H—C—C—C—H 

H H H 

In propane the carbon atom in the middle is direct¬ 
ly link< d to two carbon atoms, Herce the “alkyl’* 
of propane, known a “N rmal Propyi” obtained by 
dropping out any one of the tnree hydrogen atoms 
from the extremeties is different from that, which is 
obtained by dropping out any one of the two hydro¬ 
gen atoms from the middle carbon atom and 1bi& 
“alkyl” i® hence known as “leo-propyl**. 



T»ble No. 
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a 

<0 


00 

>» 

a 


" o 
.2 ^ 


1 

W 

W~o—W 

j 

jrj— 1 
^ o 

W—O—W 

W—Q-W 

Ph —u 

^ 1 
K—o 

1 

1 

M 

K 

rH 

<7^/ 


W 

-ci-i 

4-1 

I 

■'^ ' 

s 


The alkyls of butane shall have to be considered at a later atage. 
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Haring learnt about the “alkyls'* of Methane^ 
Ethane and Propane^ we can write the grapbic for- 
mulse of ( 1 ) Erhane, ( 2 ) Propane and ( 3 ) Butane by 
adopting Lhe folio firing general principle :— 

The graphic forinuljr of any hydrocarbon is written 
by a' aching methyl [CH3—1 to the ‘alkyl** or 
“alky s'* of the preceedmg lower hydrocarbon. 

Application of this principle in writing the Graphle 
forninlac of (1) Ethine. (2) Propane and ^3) Butane. 

(1) Ethane. 

Attach methyl to the alkyl of methane 


H H 

I I 

Attach H—C- to ^C—H 

I I 

H H 


H H 

I I 

Therefore H—C-C—H is the graphic formulse 

I I of ethane. 

H H 


(2) Propane. 

Attach methyl to the alkyl of ethane 
H H H 

I I I 

H—C— to 

i I I 

H H H 

H H H 

I I I 

and therefore H—O—C—0—H is the graphic 

I I I formula of pro- 

H H H pane. 
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(3) Botaae. 


Attach methjl to the two alkyls of propane 

H 

1 

Attach H—C- to (1) ‘ Noraml prapyF’ 

I 

H 

H H H 

III, 

„c—C—C—H 

I I [ 

H H H 

(2) “Isopropyl” 

H H H 

I I i 

H—C-C—C—H 

Hi H ,;li 

and tfaeiefore the two isomeric forms of butane are 

(t) Normal botaae from **Normal Propfl" 

H H H H 

■ III 
H—O—C— C— 0—H 
I • I I 
H H H H 

(2) Isobatano from “Isopropyl” 

H H H 

I I .1 

H-C-O-C—H 

I I I 

H H—C—H H 

I 

H 
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Alkyls of Botane. 

The two isomers of butane give four alkyls namely 
(l) {formal butyl (2) Isobutyl and (^i) Primary iso- 
butyl ( 4 ) Neobutyl.I 

The normal butane for reasons explained in pro¬ 
pane gives two alkyls, namely :— 

H H H H 

(1) ^'Normal Butyl** H—C--C—C—u— 

I I I I 

H H H H 
H H H H 

I I I I 

H -C -C - 0 — 0 — H 


( 2 ) “Isobutyr* 


The alkyls derived from isobutane. 


H 


H H 


H H H 


(3) “Primary isobntyl'* 


H—C—C—C—H 


H 


H 


H—C—H 

. I 

Since Isobutans has one carbon atom directly 
attached to three carbon atoms, there is a single 
hydrogen atom attached to this particular carb)n 
atom. When this hydrogen atom is dropped out we get 
the fourth alkyl, namely.*' 

H I H 

I I I 

(4) “Neobotyl** H~C—C—C—H 


H 


H 


H—C-“H 

1 

H 



:ane >ar kyls compare phically id the 
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Graphic formulee of Names of their 
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W 

« I 

W—o- 

I 

-o- 

I 

3-_0- 

rl, 


-W w 


-w X 


-wW 
—o- 

■wtrj 



-9—« W 

•i—i 


'Y—B K 
B 


o— 

I. 
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Although butane giTea four alkyls* we ahall eoasi- 
der here only three iaomere of the next higher mem¬ 
ber Pentaiie. namely (1) Normal pentane, 

(2) Isopentane, 

(3) Neopentane. 

i 

The graphio fortnulm of the three penta e^ean 
readily be written by attaching methyl to ihe tbroo 

alkirls of the butane. 


Isomers of Pentane. 
(1) Normal pentane 


H H H H H 

I I I I t „ 

0-0—O—H 

I I I I I 

H H H H H 

derived from “Normal Butyl”. 


(2) Isopentane 


H H H H 
H—O—C—C—0—H 

I I I I 

H H H 


(3) Neopentane 


H—C—H 

1 

H 

derived from “Isobutyr*. 
H 

I 

H-O-H 


H H 



H—O—H 

I 

H 

derived from “Neobutyl”. 
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From th© study of the oon&titution of the two 
isomf'rs of butane and the above three of pentans w'e 
are in a position to define Normal, Iso and Neoaom- 
pounds in general :— 

Definition 

Normal compounds are those which have no carbon 
atom in their molecules directly attached to more than 
two carbon atoms. 

ISOCOmpoundS are those which have at lea^t one 
carbon utmi in their molecules directly attached to 
three carhon atoms. 

Neocompounds are those which have at least one 
carhon atom in their molecules directly attached to 
four car Lon atoms. 



y 0 e firs dro mers along with 

strn mu *abl 
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Note :—Taking into consideration of columns No: 
III and IV in tdble No. 5 pav^es 43 and 44 we can easily 
get to ♦h'' general formul® of the chlorine derivatives 
of the hydrocarbon^, namt-ly alkvd chlorides ^ittaoh- 
ing one aU m of chlorine to the c )rre'«ponding *‘a(ky! 8 ’% 
suoh as :— 

( 1 ) CII 3 —C’ Methyl chloride. 

(2) CaH^—Cl Ethyl chloride. 

(3) CHg CHg—Cl Normal pr opyl chlor’de and 
CH 

—Cl Isopropyl chloride and so on. 

OH 3 I 

H 


Hence, the general formula of an alkyl halide is 
H—X, where, 

R-“alkyi”, 

X = Cl, Br or I. 

General me'hods for the preparation ol hydro-* 
carbons. 

Notti :—Tho first general method for the prepara¬ 
tion considered in the book for the members of tho 
various families, will invariably be the laboratory 
method for their preparation:. 

The first general method. 

It consists in heating a mixture of fused sodium 
«alt of the corresponding fatty acid and caustic soda 
(sodium hydroxide). 

To follow this general method, let us first of all 
derive the general formulae for the sodium salt of 
fatty acids. 
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Fatty Acids. 

Name and molecular formulae of some of the com¬ 
mon fatty acids. 

(1) Formic acid*H. COOH. 

{V Ac tic acid C'lJs. COOH. 

(3) Propionic acid =“C 2 Hs. COOH. 


• 4) Palnistio ac d ■ CirJIflvCOOH. 1 Higher 

(5) Stearic aC’d — Ci 7 rt 35 COOH. ) fatty acids. 

(We find th*jt the monov.^lMnt carbOXyllC ^r0U|^ 
is a common feotrir in all t?ie tatty acids, 
fore, R COOH m^y taken as a general for- 
mu a for fa tv ar’ds ; wht-re R stands mostly for 
Hii alkvl • up. "i 0 ' the sodium salt of a fatty 
ac d i-ob Hfied ^y the re^ac ment of the hvdrogen 
ati m in tMe e.irboxy -c g ouo b^' one atom of sodium 
it>e g nef a! for t.u a of tn© so burn salt of a fatty 
ac li i'« H.COO Ntt.J 

d he-, w .©n the so b'um salt of afatfy acid is heated 
wi’h N .(HI, we shall have the following general 
re-o lOi ; - 


R—ICOO Na 


Sodium salt of a fatty acid- 


I-J 


H—H 
Hyd'-.- 
carbon 


0?^a 


N-.CO3 

S.;d;um oarbonat© 


Note ’.—The letter R stands for an “alkyl” like 
“Methyl” or “Ethyl” etc. through u' thi** b )ok. 

Preparation e t methane and ethane by the above 
method. 

(a) By heating a mixture of sodium acetate and 
sodium hydroxide, we prepare methane. 
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fiaaction. 

CH 3 —COONa Sodium aoetate. 

HONa 
CH4 NaaCOg 
Methane 

I 

(b) By heatinfif a mixture cf sodium propionate 
and sodium hydroxide, we can prepare ethane. 

C 2 H 5 —COONa Sodium propionate. 

H ONa 

CaHe NaaCOg 

Ethane 

The second general method. 

It consists in treating an alkyl haUdo with nascent 
hydrogen. 

General Reaction* 

R—X Note ;—The letter *‘X*’ stands 

for the halogen (Ol, 
H H Br or I) through out 

- tjjig book. 

R—H HX 
Hyr'TO- Halogen 
carbon, acid. 

Preparation of methane and ethane by the aboye 
method. 

(a) By reduoicg methyl chloride with the nascent 
hydrogen, we oau prepare methane. 
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Reaction . 


CH, 


H 


Methan; 


Cl 


K 


Methyl chloride 
H' drogen. 


HCl 


(b) By )’t dnoing ethyl chloride with the nascent 
hydrogen, we can prepare ethane. 


Reaction, 


C 2 H 5 - Cl Ethyl chloride. 
H jB 

___ I __ 

■ C2H,, !hgi 
Ethane. 1 


The third general nethod. 

It consists in hydrolysing the Gregnard reagent 
(orgaiioni' tallic compound). 


General Reaction* 


OH 

Mg\ water 

Qregoard 
reagent or 
organometillio 
oomp<" id. 


✓ 


R-hH 



ryOR 

R—H+Mg<^ 
Hydrocarbon. 
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mpuittoa •! ttttbtafl tad EUmm It Ui| tlMve 

^rnma. 

By hydrolysis of ths •‘metbyr sad**dkh;rt’* 
dsdv^tlyjes of the Oregnsrd ^i^eagent, wa osn tfreiMiya 
methane atrd ethane respactively. By substituting tho 
alkyl OHs—or Cg H^i—for B in the above general 
yeaotion* we oan easily git the reactions for the pre^ 
parations of methane and ethane. 

The loarlb general method. 

It consists in distilling zinc or sodium with an 
alkyl halide (Wurtz Reaction), 

General Reaction, 


R~ 

X 

+Zn 

X 

R-R 

1 

yX 

Hydrooarbju. 

^^x 

or. 


R- 

X JSTa 


+ 

R— 

;X Na 

R—B 

2 Na—X 

fjydrooarbon. 



Note .'--This reaction is a great help in synthesis* 
Ing the next higher bomo’o^ue from a lower hydro* 
oarhen. 

<4 
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Tbe f ttlh imnlL 

It ooufista in the eleotoriysie of eodiom selte ^ol 
ffttty eoide. [JColbea Heocfton.] 

general Reaction* 

v* 

+! 4 “ 

R-; coo I Na 

+[ 4 “ 

R-i coo Ka 

B-Bl 2 COa I Na 

I I 

Hyd^ocarbDii | Tbe gan I Sodium 

liberated ^ liberated liberated 

at tbe I at the at the 
cathode | anode cathode. 


Notes :—On tbe fourth and fifth general method 

(1) . Two ixiobcules of an alkyl halide or tho^ 
sodium salt of a fatty acid, shall have to be con* 
sidered in these reactions. 

(2) In f xpre^sing the reactions* tbe Iftter R in 
formu'se of the two molecules of tbe alkyl balJdes or 
of the 8( ditm salts of the fatty acids, may stand for th^ 
alkyl of the same or of the two different liydrccarbona*. 
For example* in tbe reactions for the preparation of^ 
ethane by tbe last two nLetbod*^* the letter **R** will 
stand f( r methyl in both the mol* oules; but in the pre¬ 
para tb n of prcpaoe. tbe letter wUi stand in o&e> 
molecule for methyl and in the other molecule for 
ethyL 

(3) Methane, the parent bydrooarb3D* cannot 
prepared by tbe last two methc dt>. 

It 

General Properties of the Bydroearhons. 

Physical* 

(1). Tbe hydrcoarbons-^melbane to pentane oret^ 
ah odourless and colourless gases. The nexteUrtts 
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1 

liigherhydrdoarb^DS ard liquid* having no oolour au^ 
AO odour. The rent of them are aolid. 


W, All the hydroaarbons are insoluble in water; 
but they are soluble in orgaoio solvertts l]he aloohole 
4 1 ether. The solubility of the hydrooarbons In 
these solvents deoreases as the mole outer weight of 
She former increases. 

I 

( 3 ). They are lighter than water. 

ChemieaL 

1. They are comparatively inaoMve compounds^ 
and da not aot even on oono : H2SO4 and HNOs* 
Oaustio soda or potash and even strong oxidising agents 
have ordinarily no efifeot on thtm. Henoe» they 
are known as para§ina^ [From Latin Parum** 
vtry little and aifinsa*activity.] 

2. They, however, burn in air forming CO® and. 
H 2 O. 

3 . They cn’y give substitution products with 
halogen except iodine. 


Chlorine are bromine may replace one, two or 
more hydrc g^n atoms of the hydr carbons, yielding 
mono di, tri and poly derivatives as examplefiled in 
the following reactions of ohlorine with methane or 
mar^h gas which is the parent hydrocaibon 


(1). The Hono^Chloro-derivatlres of Hethano. 

(One molocaie of ehlorlae aetiag oa a molecnlo ot 
Vethane.) 


H 

I 


H—C-[ H + C 1 M 31 — 


I 

H 


Chlorine 

molecule. 


Methane* 


H 

I 

> H-C-Cl+HOI. 

I 

H 

Methyl ohiodde.' 
or 

Mono^ohloro-methaiia^ 
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(2). Tbe DUchloro^derivaclve of Methane. 

(Two moleculei of chlorine actiflj^ on a single 
molecule of Methane) 

H H 

I i 

H—C— H+Ci - Cl H—C—Ci + 2 HCl. 


H 4- C' Cl 
Methai e. 


M tl ylei.e ch « rid ^ 
or 

Di c‘ lort*.m V aiio 


(3). Trl-ciiIoro-derivatl¥8 A 

(Three moia'ssles of chloride .)'-i x la He 

molecule of Methane.) 



Moioane. 
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4. The Tetra ehlero derivative ol lethaoe. 

(Fear moleeales ol chlorlae acting on a slnglo 
molecnle of Hetbaoe ] 

H + 01.01 

T' ? 

Cl-' C. -f H H + Ol -Cl Cl—C—CI+4H01 

I 

Ol 

Tetra* o^Io ro- methane 
or 

Carbon-tetra-ohloride. 

Bromine will give similar four oorrespoading^ 
pro'uot'i Chlorine or bromine will react with other 
hydro arbons also, giving substitutive products^ 
Iodine does not act on hydrocarbon}*. 

Methane 

1 Laboratonr Method lor the Preparation of 
Methane 

It cons sts in heating o mixture cf fuied (anhy¬ 
drous) tedium acetate and roda lime» (a mixture of 
NaOH and CaO^ in a flask, fitted with a delivery tube 
as sbown in the figure No. 14. 

The gas, being infolub'e in water, is ooUeoted ov’er 
wat r. 


H + Cl -01 
Methane. 



( r,4. ) 



R'^action, 

CB’.^COO N 1. Sodium acatate 

1 


CH4 

M- iliauo 

I 


'ra.CO 


3 


1 


Nitte : "-'r;to 1 ' f U'i \iz CaO along with NaOIf, 

is tf'* i)ieve]jt Cvfch g .:*f tL»o 


This 

rf fit- Mie, wi'] 
liav* i ) ri-ai a 


d s aii-o appl Cib’e f ir tho projaration 
i tltfi ;ji d fi'fi'ion, th«t in thT crise w<f 
jn:xUir of ,'odium prnpior.a'e ard s tin 


lime. 


J. MeUiod. 

It in ‘.,ee /rnposing aiuaiinium c^irbide 

(AI4C3) with dilut'^ bydrochlorio acid. Take a littl? of 
aluminium carbid ‘3 in a ojnicai flask fitted up, with a 
dropping funni! and a ceiivery tube. The hydrocbioric 
acid is allowed to dr ip from the funnel ^ on tho 
carbide. The gas is collected over water as usual 
iFig. No, 15] 
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Figi. No. 15 

Reation, 

AUC 3 -rl 2 HCl 4 Xms + ZCU^ (Methane.) 

Some Special Chemical Properties of Methane. 

1. Methane mixei w>th phcsp^ orus tetrahydride 
spontaneously i'lflamniiib e. Occasional 
fitful flames on the surface of maTfhy ta-rds, are 
duf^ to the fact, that, daring the deornpo^ition of 
vejsetable matter in marshy places, the marsh gas Is 
evolvfd mixt’d v7ith traces of pho^-phoriis trahydride 
(PjsH 4 ) which is formed by the ac:i>u of water on 
oarbidos present .n a niirshy land. The phosphorus 
tetrahydride being spontaueously inflanitnable we 
absolve fitful flames. 

(2). Methane mixed with air, oxyg-m or chlorine 
explodes on ignition. 

The chapter on hydrocarbons will remain inoom- 
plete without the study o/ Petroleum^ which is the only 

natural source for the various .hydrooirbons used as 

\ 

fuels, lubricants illuminants and for other purpases. 
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Petroleom 

Ocenrrenee 

Petroleum o:6urB in its crude form as a drak brown 
viscous liquid mixture, generally associated with 
natural gas, consisting mostly of the lower hydrocar¬ 
bons, like methane, deep in the interior of the earth, 
over widely distributed areas of the world, chiefly in 
America, Russia, Dutch East Indies and Burma, 
which have a rich oil fields. In India also small 
Quantity of petroleum is found near Attock in 
the Punjab. 

Origin ot the Petroleom In the interior of the Earth. 

There are two theories < 

1 . Mendelfeff*s theory :— 

The action of steam on various carbides in the 
interior of earth resulted ultimately in the formation 
of petroleum, 

Keaotlon CaC 2 +Hj 0 -K)a 04 'C 2 Ha (acetylene) 

The acetylene subsequently polymerised into more- 
complex hydrocarbons ( petroleum). 

2 . Engler’s theory :— 

The remains of sea animals of prehistoric ages, 
under the pressure of thick layers of mud and rooks, 
were decomposed and ultimately converted into 
petroleum oil. 

As the result of great geological changes in the 
strata of the upper earth crust, the petroleum bearing 
rodm were carried deep into the interior of the earth. 
The i^etreleum paroolated throng rooks, and eoUeetad 
in the subtemneea reserrolrs, moatlr on the surface 
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of Balt water. The petroleum deposits are generally 
found to be capped with natural gas (lower hydro- 
carbons), under great pressure as shown in r ig. lo 

Engler was led to put forward bis hypothesis of 
the organic origin of petroleum from his experiment 
in 1900 , when he discovered that the destruotiva 
distillation of the fish bladder gave a liguid like- 
petroleum. 



Fig No. 16 

Th 6 Petroleum Industry :— 

Petroleum oil in crude form is brought to the surfaea^ 
by boring down to the subterranean reserreirs. Since 
the oil deposits are generally capped with natural 
gases under great pressure, the gases rush out with 
great violence, carrying th'ck Columns of the oU to 
great heights, when the bore ia firat drilled for obtain¬ 
ing the crude oil;bat« later or, when the internal 
prasurc, is greatly reduced, the crude pelroledm cil 
has got be pumped cut snd carried tc the rcfincried*- 
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Meaning of crude Petroleum. 

The crude petroleum is fraotioually distilled in an 
Iron retort connected with condensers A and B as 
ehown in Fig. 17. Tne dist)llar.es are collected in diffe¬ 
rent reservoirs at different ranges of temperature. 



Fig. 17. 

The foiiovving are the distiliaief-: cullectei :— 

1 . Gasoline or p^'t'ol colleclicd from the c:>t- 
denser A l e>Wfen .jO^C to 2r!r('^0. It is a liquid mix¬ 
ture of P'^ntane, hixaino htptane and benz' ne occ. and 
is u?td art a fuel ^or interna! oom mstion engines. 


2 . Ke’O'^ine oil c dlected from the condenser B bet¬ 
ween 200°C to :t 60 °C. ft s a mixture of liquid hydro¬ 
carbons between OioHa2 and CisHsg, used as an 
illuminating mineral oil, 

3 The gases from the condenser B are further 
cooled and condensed as a heavy oil, the gases which, 
however, do not condense are the hydrocarbons— 
methane to butane which are collected in gas holders 
.«ud used as gas fuel. 
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4. Crude oil is the ootnmeroial name of the residue 
4eft iu the distilling retort* 

Treatment ot the Crode Oil. 

It is suhjt'otf-d to two processes. 

(1) Distillation under reduced pressure. 

(2) Crackuig. 

(11. DIsiillation under Bednced pressure. 

When this otuie oil is distilled urid^r reduced pres* 
ture, the di-'tihate is a* lubricating oil containing 
paraffin wax, which is separated by freezing and 
pressing. 

(2). Cracking. 

The crude oW is disf Ued at a high pr- Fsure (80') lbs 
prr square inoh) a d t mpi^ature b twoen 800°O to 
1240'^C). This proee.-s is knowii as Cracking, during 
wh cb, the high'r iiydrocar'o 'K in the crii'i>^ oil are 
decompo-ed into low«^ r 3 - d more vo'atile hydrocarbons 
more suitabL for u-^e a« p..tr l. As lor example :— 

'!’he hex-decane (CiftNs^) which is a higher 
hydrooa^bo' can not be u ^<l as a ra tor fuel, b4ng 
less volatile. Oil b ing cracked, the molecule of hexada- 
cad runtur.'d :n t .e middle of the carbon chain, 
yiJd^ng decan*, which is a 1 ^wer hydrooirbon, and 
is qu te puit-.ble fer m tor f lei being more volatile, 

No^e :—Petrolonm zinc (not to l'eo>'nfused with 

benz n*'wh’fh is a: anmf^.tic hyd'oearbon) is also 
obtained from th( free-io' al r istilJa'ion of the crude 
p trolenin b4 veen 120°G and 1 d 0°C. Benzine is 
brgrly used in dry cleaning. 

Synthetic Petroleum :—In Germany and Great 
Britain, larg-^ quantities of pe'roleum is being 
synthesised from p owdered c al. The coal taken in a 
fitui ptfttrt of sue-divifijon is made int^* a slurry with a 
heavy oil. Next, it is hfa^ed to 500°C in hydrogen at 
^00 atmospheric pr^-ssure in tbe pre enoe of catalysts 
like molybdenum sulphide and tungstan ©xide. The 
Teaotion is strongly exotheimiOi 1 



CHAPTER IV. 

Halogen derUatlves ot the Hydrocarbons 

or 

Alkyl Halides. 

1. Honohalogen derivatives. 

The by.irocarbonf—meth&ne and ethane give 
only one morobalogen^ rivative, namely methyl 
halide (CHs—X) acd ethyl halide (C2H5—X). 

But since propane has two and butane four alkyls^ 
their monobalogen-derivativ’es exist in two and four 
different forms respeotirelyt 

The two Isomerle Halogen derivative of Propane. 

1. The Formal propyl halide. 

CHa-CHa—CHa—X, corresponding to tho 

normal propyl. 

2. The isopropyl halide. 

CH 

X corresponding to the isopropyl 

I 

H 

The four Isomeric Halogen derivatives ot Bntane. 

(1) . The primary normal butyl halide. 

CH8**CHa*0Ha.0Ha—X corresponding to tho 
primary normal butyl. 

(2) » Tho iiobutyl halide. 

OH 

X oorresponding lathe isobutyl. 

( 3 ) . The primsry iaobutyl halido. 

oorresponding to tho primary^ 

I isobttfeyh 
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^4). The neolulyl halide. 

CHav 

CHs-^C^ X corrt^Bpjnding to the Qf^obutyl. 

CHa/ 

jSfote :—The inoiiuh iogen derivatives of the 
hydrocarbons are partnc Mio.^tances for preparing 
niono-hydroxy alcohols. (Head chapter V), 

11 . Dihalogen.derivatives. 

We have elre dy m^do ourselves^ familiar with 
methylene ch'oride as one ot tue di-haio^^^en-derivative 
of methane. 

JI 

H “t Cl Methyleiu eLiIoride. 


i 1 




Hfrcc, t' e { ea r ' To'inula of the di-baloc,©n deri- 
vat’V * rn it ol in di Ijt, 

m 

I 

H ~C ~X Methylene halide. 

I 

X 


Ethare fib dl however lif.ve two iscm nic forms of 
itf. dihakven dt.uvativos. 

H II H II 

r I , II 

(!) H-C—r- U (2) H-C —C—X 

' ' I I II 


X 


I 

X 


H X 


Ethylene di-halide. E hyi-d^'ne di-halide. 

The two X a'om’4 a fach- The two X atoms attach¬ 
ed to two dififertnt carbon ei fo <iih and the same 
a‘oms. <2 irbon atoms. 

^ jV'o/e :—The di-halogen-ddrivatives of the hydro- 
carbors are the parent substance** for obtaining dihy¬ 
droxy alooho'B. (Read ci upitr XV). 
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General method tor the preparation of Alkit^ 
Halides or Halogen derivatives. 

(1) . With the txoepJirji of alkyl iodics, other 
alkyl halides »re prepared ly tbn acti m of the 
halo^en on the hydrocarrons, (Read page 53). 

(2) By thf action of hnlo^ien acids, HCl, HBrand 
HI on alcohols, [Head esterification chspter VIII]. 

General reactions of alkyl halides or the halogeir 
derivatives 

1, The reaction with nascent Hydrogen 

Alkjl halides are reduced bj nascent hydrogen; 
giving the coyret-pording byorooarbo s. [Head the 
seOi,nd general method tor the preparation of hydro- 
eatbdns page 47] 

2. The reaction with aqneons caustic Soda (NaOH) 
4>r cansttc Potash (KOU). 

When caustie t-oda or p(^tRsh dissolved in wat<pr 
acts on an alkyl halide, tht^ Bydroxyl groilp ' —OH) 
of the alkali r< places the l ah gen of t e ikyl haidd 
givjng alcohi Is Ht-ad general method ot the prepara-- 
tion of alcohols chapter V ]. 


Reaction :— 


R- 

X 

OH. 

Na 

1 

O 

Na X 

Alcohol 



alkyl halide. 




Sodium halide 


3 The eacl on of Alcoholic caustic soda or 
Potash. 

When caustic sodi or potash dissolved in the aloohcd 
tots cn an a kyl halide, we g ( an unaaturated hydrtK 
carbon corres^ ending to the a kyl halide. [Read 
chapter on unsatuied bydrocarbonsj. 
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CaHa-Cl + KOH —> CaHi+KCl+H^O 

(Alcoholic) Uosatur&ted hydrocarbon. 

(4) The reaction of Ammonia. 

Wheo ammonia iH—N^) aots on an alkyl halido* 
the halogen attar'.hed to the alky is replaoed by 
aa^ino group (—NH2) forming amines. [Read char¬ 
ter XI on amines]. 

Beaction, 

R— Alkyl halide. 

NHa—|H Ammonia. 


R—NHa HX Halogen acid. 
Amine 


(5) The reaction of Potassiam cyanide (KCN). 

When potassium cyanide acts on an alkyl halide* 
the halogen attached to the alkyl is replaced by 
cyanogen group. (—CN) forming cyanides. [Read 
chapter X on oyanidei^ ] 


Beaction : 



Alkyl halide. 
Potassium cyanide. 


R —K X Potassium halide. 

Alkyl cyanide. 

(6) The reaction with Sliyer Nitrite (AdNo^) 

When silver nitrite aots on an alkyl halide, the' 
balogeh of the alkyl halide is replaced by nitro 
group (NOg) forming nitro-paraffin. 
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Reaction 1— 


R~ 

1 

X 

Alkyl halide. 

NO2— 

Ag 

Sdver nitrite. 

R—NO 3 

AgX 

Silver hal’de. 

Nitro-piraffiii 




(7). The reactions with Sodlium or Zioc. 

[Read Uie fourth «?eneral method of preparation for 
hydrocarbons page 49]. 

Note :•-(!) Th:f) di-halogen-deriv&ti^res likewise give 
the di-substitutiv 0 yroduots witn (a) nascent hydro¬ 
gen ( 6 ) aqueous and cau'^tic soda or potash 

(c) ammonia (ri) potassium cyanide and (e) euver 
nitrite forming ( 1 ) hydrocarbons. ( 2 ) di %c/rox//-aZco/m/s. 
[Read Chapter XV]. i.3) diamines (4) dicyaindes and (.)) 
di-nitro-paraifms re.'p.c Lively. 

—( 2 ) The typical halogen derivatives, as f )r 
example ethvl chloride and ethyl bromide prescribed 
in the syllabus will be considered in the chapter on 

esters. 



CHAPTER V. 

ALCOHOLS 

Alcohols are compounds in which the alkyl group 
is attiched to one or more hydroxyl grohps (—OH). 
Wo get thus monohydroxy, dihydroxy, trihydroxy 
and polyhydroxy alcohols, according to the number 
of hydroxy groups attached to the alkyl group. We 
shall restrict ourselves at present to the study of 
moEohydroxy alcohols. 

Monobjfdroxy Alcohols. 

General Formnlae of the Various members of the 
Honohydroxy Alcohols. 

The table on page 66 shows the relation of the 
alkyls of the hydrocarbons to the constitution of the 
oorresponding aloohols to be studied:— 



Table No. 6, 
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Note :—From the study of the oolumn III Table 6, 
we find that methy alcohol and ethyl alcohol, have the 
monovalent primary alcoholic group, Hence, they 
always behave as primary alcohols. 

General Methods lor the preparation ol Alcohols. 

1. The first General Method. 

It consists in treating an aqueous caustic soda with 
the corresponding alkyl halide. [ For the general 
reaction of this method refer to the second general 
property of alkyl halides page 62 ]. 

For example :— 

Preparation ol Methyl and Ethyl Alcohols by the 
above method. 

These alcohols are prepared by the action of 
aqueous solution of caustic soda or potash on methyl 
chloride and ethyl chloride- 

la) Reaction, 


CHa- 

OH— 


CHg-OH 


Cl Methyl 

Na Alkali 

NaCl 


chloride 

solution (aqueous 
caustic soda) 


Methyl alcohol. 


(b) Reaction, 


CaHs- 

01 

OH— 

Ma 

CaHj—OH 

NaCl 

1 

ethyl alcohol. 



Ethyl chloride. 

Alkali solution (aqueous). 
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2. Tbe second General Method. 


It consists in tbe treatment of an alkyl amine with 
nitrous acid (OH. NO). 

General Reaction, 


R— 

N, 

H. 

OH 

N 

0 

R—OH 

Alcohol. 

Na 

HaO 


Alkyl atnine 
Nitrous acid* 


Note :—(1) In actual practice a mixture of NaNOj 
and H 2 SO 4 is used for nitrous acid. 

(2) It is an important reaction. It is used in con¬ 
verting an amine into an alcohol, or replacing amino 
group (—NHa) in any organic compound by the 
hydroxyl group (—OH). 

Preparation of Methyl, and Ethyl Alcohols by the 
above method. 

It consists in the treatment of a mixture of sodium 
nitrite and sulphuric acid with methyl and ethyl 
amines. 


(a) Reactions 

(i) HaS04 + 2 NaN0a«NtaS04 + 2 (OH. NO). 

Methyl amine. 


(ii) CHo 

N 

Ha 

OH 

N 

0 1 

CHa-OH 

Methyl alcohol. 

Na 

1 

HaO 


(b) Reactions, 

(i) HaS04 + 2NaN0a-NaaS04+2 OH. NO). 
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(ii) CaHttI N |Ha Ethyl amiiie. 

OH- N O Nitrous aoid. 

CaHs OH Na H^O 
Ethyl alcohol. 

i 

General properties of Alcohols. 

Physical. 

(1) The first four members of alcohols are colour¬ 
less thin liquids possessing oharaoteristio alcoholic 
smell and bumine taste. They are all volatile. Higher 
alcohols are either oily Iiqu ds or waxy solids. 

(2) They are soluble in water and in organic 
solvents, like ether, ch'oroform and acetone. 

Chemical. 

The General chemical fieactlons. 

[Bvary general reaction will be illustrated by methyl 
and ethyl alcohols). 

1. The gene'^al reaction of alcohols on sodium or 
potassium. 

When podim or potassium acts on alcohols, the 
hydrogen atom of its hydroxyl (—OH) group is 
replaci-d by one atom of so'^ium or potassium forming 
sodium or potassium alcoholate. 

General reaction, 

R -OH + Na —> R-ONa + H 
alcohol. sodium Nascent 

alcoholate. hydrogen. 

The above general reaction illustrated in the case of 
Methyl and Ethyl Alcohols. 

(i) CHs-OH+Na-^CHg.ONa + H 

Methyl Sodium 

alcohol, methylate. 
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(ii) CaHs-OH+Na^CaHs-Ot^a+H 
Ethyl Sodium 

alcohol. ethylate. 

Note :—Soiiiim or potassium alcoholate acting on 
an alkyl hahde forms ether, whose general formula 
is R—0—R. 

General Bea^tion. 

B--o| Na+X j~R = R—0-B+KaX. 

Soiium alkyl ether, 

alcoholate. halide 

The above reactions are illustrated in the case of 
Sodium Methylate and Ethylate. 

(i) CHs-Oi Na + Cl I CHs^CHn 0 CHs + NaCl 

Sodium Methyl Di methyl 

methylate. chloride. ether. 

Ui) CaHs—0| Na+Cl -GaHs^CaHs-O-CaHs + NaCi 

I 

Sodium E‘hyl Di-ethyl 

ethylate. ciiloride. ether. 

jg. The general reaction of alcohols on « mineral 
or a faUy acid, \The mineral acid \ the fatty 
acid^VL. COOH ] 

When a mineral or a fatly acid acts on an alcohol, 
the replaceable hydrog n atom of the former oornbines 
with the hydroxyl ( -OH) group of the latter forming 
water. Phe alkyl group of the alcohol gets attach 
ed to the remaining group [ — X or R.COO—] 
of the acids forming a compound called Est€r. 

Note,-~Th\^ reaction is known as Esterification^ 
which is an example of a reversible reaction, because 
the water formed here, is capable of hydrolysing the 
ester into the corresponding acid and the alcohol. 
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General Seactlon. 

B~|oH+H I—X*R-X+H. OH. 

aloohoL mineral ester water, 
acid. 

Or. 

R-| OH+H |00C. R-R~OOC. R+H. OH. 

alcohol, fatty acid. Ester. 

The above rpoctions are illusdrated in the case of 
Methyl and Ethyl Alcohols acting on HCU HBr and 
CHz, COOH. 

(i) CH8.|0H-1 -h{c 1«CH8. Cl+HaO 

Methyl alcohol. Methyl 

chloride. 

CHs.| OH+H IBr-CHa. Br+HaO 

Methyl 

bromide. 

CHa f OH+H |00C. CHb^CHsOOC. CHs+HaO 

Acetic acid. Methyl acetate. 

(ii) CaHajoH+H jci=CaHs.Cl+HaO 
Ethyl alcohol. Ethyl chloride. 



Ethyl alcohol. Acetic acid. Ethyl acetate. 

The general reactions of HI and strong H^SO^ 
on alcohols. 
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Hydroiodic Acid acts on Alcohols in the following 
two stages. 

(1) Esterification resulting in the formation of 

water and an alkyl iodi'ie. 

(2) Reduction of the alkyl iodide with the excess 

of hydroiodic acid. 

Generel Reactions. 

(i) R- OH+H I*R-I + H. OH. 

Alcohol. Alkyl iodide. 

(ii) K-| I+I |h-R—H+I a. 

Hydrocarbon. 

Note :—This reaction is helpful in converting an 
alcohol directly into the corresponding hydrocarbon, 
or in replacing a hydroxyl group in any organic 
compound with a hydrogen atom. 

7^/ie above reactions of HI are illustrated in the case 
of methyl and ethyl alcohols, 

(i) CH8.j OH+H |-I = CH3. I+H»0 
Methyl alcohol. Methyl iodide. 

(hi) CHflj I+I [—H*CH4+l2 

Methane. 

Similarly, ' 

(i) CaHe-| OH + H j-I-CaHj. I+HaO 

Hthyl alcohol. Ethyl iodide. 

(ii) OaHil I+I -H=CaH6+l2 

Ethane. 
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The behaviour of strong H 2 SO 4 , towards alcohols :— 

Strong 8 U phurio acid acts on alcohols in three 
different w'ays, depending on different exprimontal 
oonditione. The acid acts on an alcohol forming an 
ester at ordinary temperature, when both ths reaotants 
are in (quimolecular concentration. The ester so 
formfrd is an alkyl hydrog n sulphate, also known as 
sulphovinic acid. At a higher range of temperature, 
if the alcohol is in exce ss, the sulphovinic acid reacts 
on more of th-- alcohol, forming ether, on the other 
nand, the sulphovinic acid is decomposed, if the strong 
suipimric acid is in excess, evolving an unsaturated 
hyorocarboD, yielding H 2 SO 4 back again. 

General Reactions. 

The followings are the three experimentel 
conditions — 

I. When alcohol and the acid are in equimole- 
oular concentration and the reaction proceeds at ordi¬ 
nary temperature :— 

li- jOH + H HS04 = R.HS04+H20 

Alcohol. Sulphovinic Aoii 

or 

Alkyl hydrogen 
sulphate. 

II. Wh en alcohol at a higher temperature is in 
excess, the reactions proceed in two stages :— 

(i) R- I OH+hI- HS04 = R-HS04+H20 
Alcohol. Sulphovinic acid. 

vii) R- |hs 04+H iO. R=B-0-B + H2804 

Alcohol. Ether, 

III. When strong sulphuric aeid is in excess, the 
reactions proceed at a higher temperature in two 
stages :— 

(i) R-j OH + H |-HS04 = R'-HS04+Ha0 
Alcohol. Sulphovinic acid. 
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(ii) R—HSO 4 ddcompoaes forming an unsaturated 
hydrocarbon and also H 2 SO 4 . 

R—HS 04 = An uneaturatfcd hydrocarbon+ H 2 SO 4 . 

:—(») The group [—H 8 O 4 ] of sulphovinic 
acid cjmbints with one hydrogen atom of the adjacent 
carbon to form H 2 SO 4 , thus making one of the bonds of 
each of the two adjacent carbon atom free and the 
a cohol is changed into an un^aturated hydrocarbon. 

(2) This reaction, however, go so unrepresented 
in the cise of methyl alcohol. 

'Phe above reactions of strong II-2SO4. are illustrated 
in the case of Methyl and Ethyl Alcohols, 

BeactioDS with Methyl Alcohol. 

I. When methyl alcohol and strong H->S 04 react 
at ordinary temperature in eqniinolecular proportion, 
we get methyl hydrogen sulphate :— 

CH3. OH + H. HSO4-CH3-HSO4 + H2O 
Methyl alcohol. Methyl hydrogen sulphate. 

11 . When methyl alcohol and strong H 2 SO 4 react 
at a higher tempHrature ai'd the former is in excess, 
we get di-meth\i ether. 


(i) 


CH 3 OH + H |. HS 04 = CH 3 . HSO 4 + H 2 O 


Methyl alcohol. 


(ii) OHj. I H 8 O 4 + H io. CH., -CH3-0-CHn+HjS04 


Methyl Di-methyl ether, 
a’cohol. 


Reactions with litbyl Alcohol. 

I. When etiiyl alcohol acts on strong H^S 04 in 
equifcoiecular proportion and the reaction proceeds at 
100 °C, we get ethyl hydrv gen sulphate or sulphovinic 
acid ;— 


CaHs OH-fH L HS04-Ha0+C2H5-HS04 

Sulphovinic acid. 
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II. When ethyl alcohol acts on strong H 2 SO 4 with 
the alcohol in excess at 140°C) we get di-etbyl 
ether :— 


(i) CaHs- OH+H|. HSO •»C,H6-HS04+H2a 
Alcohol in excess. Sulphovinic acid. 


(ii) CaHs.l HSO4+H |0.C2H5=HaS04+CaH5. O. CaH, 


Di-tthyl ether. 

III. When ethyl alcohol acts on strong HaS 04 in 
excess at 160°C, we get the unsaturated hydrocarbon 
namely ethylene :— 



C2H5.IOH + H .HSO4 


C 2 H 5 .HS 04 -t-Ha 0 


Ethyl alcohol. 
H H 


Sulphovinic acid. 
H H 


(ii) H—C—C—|HS 04 |-»H—C--C—+H 3 SO 4 
Hi 1 ■ H 

" CHa-CHa. 

Ethylene. 

S. The general reaction of alcohols on phosphorus 
penta-halide. 

When an alcohol acts on phosphorus penta-halide^ 
the hydroxyl group (—OH) of the alcohol is replaced 
by one atom of the halogen, changing the alcohol into 
an alkyl halide and forming also a halogen acid along 
with phosphorus oxyhalide. 

General Beactton. 

R—OH + PXg - R—X + HX POX< 

Alcohol. Phosphorus Alkyl 
pentahalide. halide. 

Note ;—It is an important reaction used :— 

( 1 ) To replace the hydroxyl group with a halogen 
atom in all organic compounds. 
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(2) To ascertain the number of hydroxyl groups 
in a compound, the following procedure is adopted :— 

The halogen acid HX formed during this reaction is 
treated with silver nitrate solution. Thus the entire 
amount of the halogen (X) is precipitated as silver 
halide, which is dried and weighed. The number of 
the halogen atoms calculated from the weight of the 
silver halide will represent the number of hydroxyl 
groups in the c impound under investigation. 

The ah3ve reactions are illustrated in the case of 
Methyl and Ethyl Alcohols. 

(0 CH3—OH+PCls-CHs-Cl+HOl+POCls 

Methyl Methyl 

alcohol. chloride. 

(ii) CaH 5 —OH+PCI 5 » C 2 H 5 - Cl+HCl+POCl 3 

Ethyl Ethyl 

alcohol. chloride. 

(^) The genejal reaction of alcohols on phosphorus 
tri halide. 

When Alcohol acts on phosphorus trihalid three 
molfcules of the alcohol participate in the reaction 
against a single molecule of the phosphorus trihalide. 
The hydroxyl group of the alcohol is replaced 
with the halogen atom, forming an alkyl halide and 
phosphorus acid. 

General Reaction 

3 R—OH+ PX3 - 3 R—X + H3PO8 

Alcohol. Alkyl Phosphorus acid. 

halide. 

The above reactions are illustrated in the case of 
Methyl and Ethyl Ala)hol. 

(i) SCHs-OH+PCls^SCHa-Cl+HaPOa 
Methyl alcohol. Methyl Phosphorus 

chloride, acid. 

(ii) 3C3H5 - OH+PCI 8 = 3C2 H5 - Cl+H3PO3 

Ethyl alcohol. Ethyl Phosphorus 

chloride, acid. 



( 78 ) 

5. The general reactions of alcoho Is on phosphorus 
oxyhalide. 

The trend of the reaction is the same as explained 
abosre. Only, we get in this case phosphoric acid 
instead of phosphorus acid. 

General Reaction. 

3R— OH+POXs = 3R- X+H3PO4 
Alcohol. Phosphorus Alkyl Phosphoric 
oxyhalido. halide, acid. 

The above reactions are illustrated in the case of 
Methyl and Ethyl Alcohols, 

(1) 3CH3^0H+P0Cla = 3CH3-Ci-PHaP03 

Methyl alcohol. Methyl Phosphoric 

chloride. acid. 

(ii) 3C2Hs-0H+P0Cl3=3C:aH5-Gl+H3P04 
Ethyl alcohol. Ethyl Phosphoric 

chloride. acid. 

Note ;—(1) As far as these five properties of 
alcohols are concerned, they will hold good for pri¬ 
mary, secondary and tertiary aicoh>)ls, because there 
is a ccmmon hydroxyl group (—OH) in the constitu¬ 
tion of all the three ale jhols. 

[Read page 66 table 6 column No. Till. 

(2) With reference to page 66 and 67 the three 
^isomers of alochols^ can be distinguished from one 

another by reactions in which, their characteristic 
monovalent, divalent and trivalent groups are 
concerned. 

Distinctive Tests of Primary, Secondary and Ter- 
tiary Alcohols. 

There are two methods :— 

1 . Victor Meyer's method. 

2. Oxidation method. 

We shall consider these methods one after another. 
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1. VICTOtf MEYER’S METHOD 

Test for Primary Alcohols, 

A primary alcohol having a monovalent radical 
[-■CH 2 —OH], when treated with phosphorus pent- 
achloride, gives a normal-alkyl halide. 

Reaction. 

\ 

(a) K—CHa—OH + PCI 5 « R—CHg—CJ + HC1+POCls 

A Primary Normal-alkyl 

alcohol. halide. 

[ Read page ]. 

The normal-alkyl-chloride so obtained is next 
treated with silver nitrite solution. The following 
reaction takes place and we get the corresponding 
normal- nitro-paraffin. 

Reactton. 

(b) R. CHa—{ci + Ag . NOa-B,CHa—NO 2 —+AgCl 

Normal-alkyl-chloride. Normal-nitro-paraffin 
[ Read^page ]. 

Finally, the nitro paraffin so obtained is treated 
with nitrous acid. The following reaction takes 
place forming nitrolio acid which imparts pink colou¬ 
ration to the solution, on being made alkaline. 

Reactionl — 

( 0 ) R—C H -NO 2 Nitro-paraffin. 

* O N—OH Nitrous acid. 

I 

R-C—NO 2 

D 

HaO + N—OH 


Nitrolio acid. 
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Test for Secondary Alcohols, 

A seoondary aloohol haviog a divalent radical 
[ >OH—OH ] when similarly treated forms pseudo- 
nitrolio acid which imparts blue colouration to the 
solution on being made alkaline. 

Reaction :— 

(a) g>CH—OH + POlg >]*>CH—Cl+HCl+POOls 

Secondary Isoalkyl chloride, 

aloohol. 



(c) 


^>CH— 01+Ag NO, •g>CH—NOa+AgCl 
Ieo-akly*chloride I‘?o.nitro-paraffin. 


|>C—; H INOa-® 
;OH NO 

Iso-nitro-paraf hn 
and 

Nitrous acid 


>C—NOa+HaO 

I 

NO 

Pseudo-nitrolic acid. 


Test for Tretiary Alcohols. 

A Teritary Ale )hol having a trivalent radical 
( >C. OH ) when similarly treated remains, uneffec¬ 
ted. 


Reactions :— 

(a) Rv Rv 

R-^C—OH+PCi 5 - R-^C—Cl+HCl+POCU 

r/ R/ 

A Tertiary Neo-alkyl chloride, 

aloohol. 

(b) Rv 

R~C—ICl + Ag; NOa' • 

R/ 

Neo* alkyl-color ide. N eonitro-paraffin. 

(o) The neo-nitro-paraiffn, will have no reaction 
with nitrous acid and hence the solution remains 
colourless, on being made alkaline- 


R 


B^C -NOa+AgCl 

r/ 




Vtetor lieyer’s Tett in a tabular /orrH 
* Tabte No. 7 
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Conversion of a Primary Alcohol into the Secondary 
or Tertiary Alcohol, 

The primary alcohol is treated with phosphorus 
pentachloride and we get a normal a kyl chloride. 

Heaction, 

RCHj CH2.0H + FCl5->R.CH2.CH2 Ol+HCl+POCia 
Primary alcohol. Norma' alkyl chloride. 

Next, the normal alkyl chloride is treated with an 
alcoholic NaOH solution, and we g^t the correspond 
ding olefine. 

Reaction 

R.CH2.CHa.01 + NaOH -> R CH«CHa+NaCl + HaO- 

(alcobolio) olefine. ^ 

The olefine so obtained is made to react with fu> 
ming H2SO4, and we gat an additive product namely 
an a kyi hydrog^n sulphate, Tnis additive produut is 
formed as a ruifl h t^e addi^i*^n of— H8O4 to 

that carbo a' m '■vhio ■•arrje^ in iHa«i ■ u nbe** of 
hv Ken a< ms. 

Reaction 

R—CH = CHa + H.HSO4 R—OH—CHs 

HSO4 

olefine Alkyl hydrogen sulphate 

This alkyl hydrogen sulphate on hydrolysis yields 
a secondary alcohol. 

Reaction. 

jj - 

'>0H. HSO 4 +H OH ^OH.OH + HsSO* 

SroondiOT alcohol* 
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Likewise, a primary aloohol having an isoalkyi 
rtdical, as for example hobutyl primary aloohol, can 
be changed into a tertiary alcohol. 

CHgv CH,v 

(1) >0HCH3OH+PCl5 >CH.CHa01 

CHa^ 

Isobutyl primary alcohol. +HC14-PO01s 

CHav CHav 

(2) >CH.CH 3 .Cl+NaOH>C=CH 2 +NaCl 

CH/ CHa'^ 

+ HjiO 


Isobuty) obJoride. 

CHav OHgv 

(3) >C - OH 3 + H,HS04 > C~CHg 

CHb-^ CHs-^ I 


HSO4 


CHav 

(4) OHb^O- 
CHg/ 


CHgv 

HSO 4 +H L OH CHs-OC.OH+HaSO^ 

- Cba^ 

Tertiary aloohol. 


2. Oxidation Method. 
Oxidation of Primary Alcohols. 


When a primary alcohol is oxidised, the oxygen 
atom from an oxidizing aubstanoe gets temporarily 
attached to one of the hydrogen atoms of the primary 

H 

I 

alcoholic group —C—OH, forming a very unstable 

H 

oomponnd, wbioh readily decomposes yielding water 
and a compound, oommonly known as an Aldehyde* 
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General Beactiona : 

H H 

t I 

<1) R-O-OH+O-R—C—OH 

I I 

H OH 

An unstable compound. 

H H 

(2) B—d-0 H -R—C^O+HaO 

_ Aldehyde. 

lOH 


A$ for example, 

Oxidation ot Hetbyl and Ethyl Aleohols. 

Sinoot boili of these alcohols, have the primary 

H 

I 

alcoholic group—C—OH in their constitution, they 

H 

behave during their oxidation as a primary alcohol. 


Oxtdaiion of Methyl Alcohol, 

H H 

I „ I 

(I) H-C—OH+O-H—D—OH 

I I 

H OH 

Methyl alcohol. 


H 

(2) H— 
(OH 


H 

I 

= H—C= 0 +HaO 
Formaldehyde. 


Note ■—^Form aldehyde is the firstmember ’ of* tte 
family of aldehydes. (Read chapter Vl). ' 
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Oxidation of Ethyl Alcohol. 


( 1 ) CH3-C— 0 H+ 0 =CHf~C-OH 

I I 

H HO 

An unstable compound 

H H 

I I 

(2) CHa—C—OiH|»CHs—C=0+H,0 

Acetaldehyde. 

| OH 

Note :—Acetaldehyde is the second member of the 
family of aldehydes. 

OxidatiOD of Secondary Alcohols. 

When a secondary alcohol is oxidised, the oxygen 
atom from an oxidising suhstanoe gets temporarily 
attached to the hvdrogen atcm of the secondary 
alcoholic group >C—OH, forming an unstable com*- 

I 

H 

pound, which readily decomposes yi<»lding water and 
a compound commonly known as a Ketone. 

General Rcactioji : - 

Rv Rv 

{!) >C-- 0 H +0 « >C--OH 

R^ I \ 

H HO 

An unstable compound. 

(2) > C—0.H' “ >C«0+H20 

I I R'^ 

IHO Ketone. 
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Cxidation of Secondary Propyl Aleobol. 


CHjv 

(1) >C!-OH+0= 

ch/ 1 

H 


CH 

CH 


*^C—OH 
HO 


Secondary propyl 
aloohoL 



HO 


Ad unstable compound 


GH3V 

ch/ 

Acetone, 


Notes 1 :—Propyl aleobol is the first alcohol whioh 
gives an example of a secondary alcohol* 

2:—Acetone is the first member of the family 
of ketones. 

Oxidation of Tertiary Alcohols. 

They differ from primary and secondary alcohols in 
being resistant to oxidition. Oaly on vigorous oxida¬ 
tion* they are decomposed into carbondioxide* water 
and a fatty acid, whio i has lesser number of carbon 
atoms than are originally present in the molecule of 
the parent alcohol. 

Hanniaetnre of Hethyl Alcohol or Wood Spirit. 

It is manufactured from pyroligoeous acid* which 
is a product of destructive distillation of wood. 

Destructive Distillation of Wood* 

When saw dust is subiected to destructive distilla¬ 
tion (beated in the limited supply of air) in a report R 
fig. 18, we obtain the following three products :— 

(i A solid whioh is left as a residue in the retort. 
It is wcod-oharcoal. 

(ii) Agis. It is wood gas whioh is a mixture of 
hydrooaroons, carbon-monoxide* and hydrogen. It is 
used for illuminating purposes. 
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(iii) A liquid distillate ; whieh diitills 07 
iec-iv^r. Tne distillate is a mixture of 

(a) Wood-tar, whioh is a heavy, dark and thic 
liquid 

(b) Pyroligneous aoid which is a light and brow 
(liquid. 


The pyroligneou i 
aoid is a mixture c ' 
metnyl alcohol, a 0 € ' 
tone, acetic aoid, an I 
water. It is the souro 
for the manuf«ctur i 
of methyl alcohol an . 
acetic acid on a largi 
^oale. 



Fig 18. 

Manufacturing Details of Methyl Alcohols 
Trolleys iilied with wood-st cks are introduct^d intc 
a chamber heated strongly by a furnace fig. 19. Th( 
gaseous product are passed through a coil condense] 



t2«;rr 10 
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sTibmergod in cold water. The liquid distillate after 
coodeDsation in the oondenfer ooileots in a settling 
tank and the gasecus product is led through a vertical 
tube as wood gas. The lower layer in the settling 
tank is wood-tar and the supernatant liquid is the 
pyroligneous aoid, which is a source for obtaining* 
methyl alcohol on commercial scale. 

The pyroligneous acid eo manufactured is next 
distilled as «howD in fig. 20. The gases from the 
pyroligneous aoid are parsed through a tank contain¬ 
ing milk of time, which acts on acetic acid and forms 
calcium acetate. The vapours of methyl alcohol, 
acetone, and water are condensed in the condenser 
and collected in a tank as a distillate. The distillate 
in the tank is subjected to repeated/rac^tonci^ distilla¬ 
tion (Read page 14). 





Fig. 20. 

Even after repeated fractional distillation^ methyl 
alcohol is not quite free from water and traces*of 
acetone. 

The methyl alcohol is dehydrated in the following 
way ;— 

The oorph^croial methyl alcohol containing water 
and traces of acetone is treated with quick lime (OaO)> 
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and kept over night. Next it is redistilled. The 
distillate still oontaine acetone in traces. 

Removal of Acetone. 

A.nhjdrou8 calcium chloride is added to the impure 
methyl alcohol. On y methyl alcohol combines with 
the anhydrous calcium chloride, forming a white and 
crystalline substance, the formula of which is CaC^. 
rzOHg. OH. On distilling this white and crystalline 
compound, pure methyl alcohol distills over and 
collects m a Teceiver. 

Usee oft Methyl Alcohol. 

(1) It is used as a solvent in the manufacture of 
polishes, varnishes and aniline dye stuffs. 

(2) Being poisonous, it is m^xed with ethyl alcohol 
to make the latter unfit for drinkinp purposes. 

Manufacture of Ethyl Alcohol- 

It is manufactured from a “wash” a liquid, which 
is the product of/e/ mentation of carbohydrates (sugar, 
glucose and starch) in solution. The “wash” contains 
a small percentage of ethyl albotol, which is concen¬ 
trated and purified by fractional distillation. 

Fermentation. 

Fermentation is a type of a chemical reaction in 
which organic substances undergo decomposition 
under the catalytic influences of Enzymes, which are 
highly complex nitrogenous, amorphous bed es of 
inoTganio origin. The enzymes are colloidal in charac¬ 
ter and are remarkably specific in their action, A 
particular er zyme is capable as a rule to set up a 
definite chemical reaction. 

A living organism like yeast" in the body of which, 
certain enzymes are sopietimes lodgt-d, is called a 
ferment. At one time, it was belieyed that fermen^ 
tation is only possib'e through the agency of ferments, 
namely ; living organisms which contain the enzymes. 
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It is no BT ezprimentally proved that the emvmes 
oap&ble to set up fermentations even if, they are 
exiraottd out of the iiviog orgtnisms namely 

la 1496 Buokner extracted the enzymes present 
ID the body of ^'yeaet oelU**. The extract so obtained 
fermented the cane sugar, grape sugar solutionsi 
and molasses exacily as **yeasV* does. 

Fermentation of cane suQar solution. 

Take a dilute solution of caaesu^ir (Ci2H220],x) 
in a fla^k fitted wich a cork and a delivery tube, the 
free end of which is dipped into lime water placed in 
a gas jar as shown m fig. 22, 

[For the manufacturing scale, fermentation is done 
in tanks.] 



*'Yeast** plants shown immensely magnified. 

Fig. 2i. 

Add to the sugar solution a little of the unicellular, 
plants krown as '*yfast** or an extract from 'yeast**. 
Fermentation sets in the solution after some time, 
if it is kept at or about 25^0 in a cupboard. There 
will be an efi’ervesoence due to the evolution of a 
gas, which oa examination is found to be carbon- 
dioxide, as it turns lime water milky. The solution 
left over in the flask contains very little of ethyl 
alcohol, which can be separated, concentrated and 
purified by fractional disiillation, [Read page 14.) ? 
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Cbamlstrj of Fermentilion ol sugar soluUou. 

There are three Enzymes namely, (l) Inrertase 
{2} Zynaape acd 3> Miaitase usually present in the body 
of a ‘*yeasr oel 6g. _ 


yeasV 
Eaob of tbe^ie 
enzymes are cap¬ 
able to set up the 
specific chemical 
reaction (fermen¬ 
tation) characteris¬ 
tic of itself:— 


~>olutionA 



1 


T 


Gd", Jcl 


I irrif tfaipr J 


Fig. 22, 

The functions of those enzymes are as follows :_ 


1. Invertase inducei hydrolysis of oane sugar 
/^ 0 i 2 Ha 20 ii) in ioiution inverting it into a mixture of 
glucose and fructose. This mixture is also known as 
invert sugar. 


Reaction. 

Invertase 

Ci.H„0n+Ha0=C8Hia0e+CaH„0s 
Oane sugar Glucoee. Fruoiosr. 

'w..——- ^ -/ 

Invert sugar, 

2, Zymase next decomposes the glucose and 
fruciose imo ethyl alcohol and oarbondioxide. 

I 

ReaetionSs 

Zymase 

(i) C«Hia06=2C02+2C2Hs.0H 

Glucose. Ethyl alcohol. 

Zymane 

(ii) CeHia06-2C0a+2C2H5. OH 

Fructose. Ethyl alcohol. 

3, Maltose hydrolyses malt-sugar (maltose) into 

glucose. 
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Reaction, 

Maltase 

C12H22 Oii 4 “ H2O *• 2 CeHi 2 ^rf 

Maltose or Glucose, 

Malt sugar. 

Notes iX) Maltase does not function as an 
enzyme in the fermentation < f cane sugar solution; 
This enzyme acts as we shall see, in the manufacture 
of ethyl alcohol from barley or other starchy subs* 
tances, like potatoes and rice. 

The fermented liquor is commeroiilly known as 
*^wash'^ which contains only a small percentage of 
ethyl alcohol. 

Production of *‘wash*’ from starch contained In 
rice and potatoes. 

Rice and potatoes are subjected to the followinlf 
three processes for the production of ''wash” ;— 

(1) Mashing. (2) Malting and (3) Alcoholic fer* 
mentation. 

t. Mashing ;— 

Powdered rice and potatoes are out to thin slices 
and next; made into a pulp on being digested with 
superheated steam. During this process starch gains 
are liberated from the cell contents of rice and pota¬ 
toes. Since starch is only sparingly soluble, it cinnot 
be fermented by the enzymes— Inve^tase and Zymase 
—^unlees it is charged into a soluble form of sugar. 
Hence after mashing, the starchy paste is malted. 

2. Malting :— 

During this process barley grains are first made to 
germinate in dark. During germina ion, the barleJT 
grains develop an enzyme called **Diastase'*. After a 
few days, the further germination is stopped by heat¬ 
ing the grains. Such germinated barley grains are: 
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next made into a paste called '*MalV* containing the 
•enzyme Diastane'*^ This malt is now added to the 
starchy pulp obtained after mashing. The ^'Diastase** 
present in the Mali sets up the hydrolysis of starch 
which is converted into malt-sugar or maltose 

<(Ci 2 Hsa 0 xi)» which is a soluble and fermentable form 

> 

of sugar. 


Beaetion, 


Diastase. 

2C6H10C5+ 1120 "*0121122011 
Starch Maltose 

(insoluble). (soluble). 


S. Alcoholic fermentation 

“Yeast” or “Yeast extract” is next added to a 
dilute solution of maltose obtained after malting. The 
enzyme “maltase” present in the “yeast” hydrolyses 
maltose into glucose and the zymase next decom¬ 
poses the glucose into carbondioxide and ethyl 
alcohol. 

Reaction, 

Maltose 

(i) '0^2^82011 + 112^^ 'O 6 H 12 O 6 . 

Maltose. Glucose. 

T _ 

Zymase 

(ii) OeHi 206 " 2 OO 2 + 2 O 2 H 5 "OH. 

Glucose. Ethyl alcohol. 

l!he fermented liquor so obtained is the “wash” 
containing a'low percentage of ethyl alcohol along 
with other impurities. 
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.The PraetloQBl Distillation ot Impure Ethpl Alcohol 
in Cal(e;*s still. 

Description of Coffey's still and its working. 



This «tiU consists of two oolumnn (1) an analyser 
and l2) a rectifier. These cotutnn** are made of wood and 
are lined inside with o tpper sheets. Both the columns 
are divid -d into a number of shelves with horisontal 
plate8 perforated wiih holes, which have valves (v) 
cp^nir g only upward. In every shelf in both the 
columns, there is aho a dram tube D so fix<d 
as to allow only a little Iay»r ol a liquid to remain 
in the shelves, making it possible for the overflow of 
the liquid from each shelf to be dra ned down into the 
next lower one. 

Tbrouph each of the shelves in the rectifier, there 
paiBes a copper coi), v hose upper end is connected 
with the **waBh tank” through a lift pump and the 
lower end of the coil is carried over to the top of the 
analysfcr [See fig. 23], 


1 ^. 
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The cold ‘'wish” from the ttnk is pump**d up 
through the ooppt^r coil of the reotldtr to the top of 
the aoalyeert A thin layer of the **waBh** oolleotB in 
every sh«^If of the analyj-er, Steimis introduced into 
this column from the bottom. As the steam ascends, 
it takes vapours of etbvl aio ihol m re an l more from 
shelves to shelve'’, as it bubb es thn u(;h the thin lay.r 
of the “wash**. Thus the steam, containing the maxl> 
mum percentage of ethyl alconol vapours, leaves the 
analyser at the top and enters the receiver at its 
bottom, As the mixed vapours aeoend the rectifier, 

St of the steam is coi.den«ed by the cool copper 
coil and i* drain* d do^vD to the b )Mom of the oOiUmn, 
The V pjur leaving the rectifier frtm tlie top is nch 
in ethyl sLohi l, wbijh is ootrdeased in coils submer- 
ged in cold water. The distillate so obtained contains 
85 % ethyl alcohol. 

Sectilled Spirit. 

It is the alcohol collected from the rectifier of 
Cafifey's still. The rectified spirit is an impure sample 
of ethyl alcohol oontainiug aldehydes and fusel oil. 
which is a mixture of higher alcohols. 

Pure Alcohol. 

The rectified epirit is again fractionated. The 
distillate collected in the middle range of the tempera¬ 
ture, is free from aldehydes and fa*el oil. The sam-^ 
pie of alcohol so obtained is pure a coho I. 

Absolute Alcohol. 

The pure alcohol is finally redistilled over quick¬ 
lime (OaO). The distillate is absolute alcoho*, still 
oontaining 1% of water which may be dec mposed 
by metallic 8'd um and then it is redistilled to get 
absolute alcohol. 

Methylated Spirit. ^ 

There is a heavy duty on pure ethyl alcohol* but 
when it is mixed with methyl alcohol* the methylated^ 
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spirit is rendsred unfit for drinking purposes and is 
sold duty free. There are two forms of methylate 
spirit. 

{a) Industrial Methylated Spirit. 

It contains 95 volumes of pure alcohol and 5 
volumes of crude methyl alcohol. It is used for 
industrial purposes. 

(6) Mineralised Methylated Spirit. 

It contains 90% of pure alcohol 9% methyl alcohol 
and 1% p troleum naptua. 

Note :—^The process of rend<>ring ethyl alcohol unfit 
for dri.ikintc purposes by the addition of methyl 
alcohol IS Called Denaturat^on, 

Uses of Ethyl Alcohol. 

It is used as ;— 

(1) A. solvent in the manufacture of paints, poli¬ 
shes, dyes, soaps, explosives, ether and chloroform. 

(2) A. fuel or as an illuminant. 

(3) A. beverage in wine, beer, whisky, gin, 
brandy, and rum. 

Beverage. 

Drinks containing ethyl alcohol as intoxicants 
are calhd b'Averages. 

The following bevt-rages are e )mmonly in use :— 

(a) Wine :—It contains a low percentage of ethyl 
alcohol. Itisusially manufactOred by the fermen¬ 
tation of grape sugar. 

ib) Beer and WhUky :—Beer contains a low per¬ 
centage and wbi ky 5u% of ethyl nlcohol. Both are 
obtained by ftrmeocation of barley grains after 
. g«]Kn.iiiation. 
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The various beveragea o ntain defferent colouring, 
jdavouring, and some fragrant matter also. 

Aleoholometry 

The determination of the quantity of alcohol, prcf- 
aent in any alcobolio liqnhr is called alcobolometry. 
’Prttof spirit'* is the standard unit adopted in aloohol- 
cmetry. ''Proof Spirit" is that alcohol which contains 
49*3% volume of ethyl alcohol. In other words 
‘^'Pioof spirit” is that alcohol, which at 5l°F or 10’5®C 
shall weigh ^§th of the weight of an equal volume of 
distilled water. The sample of aloohol having more or 
less percentage of this standard is ”uver or under 
Proof Spirit", 

Test of Hetbsrl Alcohol. 

2. Oxidation Test, 

Methyl Alcohol, when it is warmed with K 2 Gr ;^07 
solution and HtiS 04 , gives formaldehyde, which can be 
tested by its characteristic test given later 

Reactions 

(o)'^aCrsO,+ 4 H 2 SO 4 - KaSOi+Cr,(S04)g+4H ,0+ 30 

j( 6 ) 3CH8.0H+30-3H. CHO+3HjO 

Methyl Formaldehyde. 

Alcohol. 

2. Oil of Winter Green Test :— 

Take a little of methyl aloohol in a test tube. Add 
to it a little of salicylic acid along with a few drops 
of strong H 2 SO 4 . On just warming it, methyl salicy¬ 
late is produced, smelling like **oil of winter green.*' 

Reaction, 

yOH 

'0eH4v j - - jfOH 

^OOG H+OHLCH3»HaO+CcH4 < 

-' XXX) CH 3 

Salicylic acid. Methyl aloohol. * Methyl salicylate. 

7 
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Test ol Etbyt Alcohol. 

1, Oxidation Test ;— 

» 

Ethyl alcohol, when warmed with K 2 Cr 207 solu- 
lion and HaSO 4 , yields acetaldehyde, which can be^ 
tested by its test described later. 

Reaction. 

(a) K 2 Cr 20 , + 4H2S04«Ka804+Cr2 ( 804 ) 3 + 4HaO+30 

{b) 3CH3 CH2.OH4 30 = 3 CHa. CHO+ 3 HaO 
Eibyl alcohol Acetaldehyde. 

"<!. Iodoform Test ;— 

Take a little of ethyl alcohol in a test tube and 
add to it iodine dissolved in potassium iodide solution, 
till the solution is coloured dark brown. Now add to 
it, dilute solution of NaaCOs drop by drop, till the dark 
brown colour is discharged. Just on warming the 
solution, yellow orystalis of iodoform appear, giving 
out its characteristie smell. 

Reactions. 

(c) l 3 H-Ha 0 = 2 HI +0 (na«centl. 

(6) CHa—CHa.OH + O^CHaCHO+HaO. 

(c) CH3. CHO+3Ia=Cl3. CH 0 + 3 HI. 

A< etaldebyde. lodal 

(d) Clal.CHO 

hI. ONa 


CHIa H. COONa 
Icdoform. Sodium formate 

Notes ~(L) Sodium carbonate, being a salt of a 
weak acid (HaCOs) and a strong base (NaOH), behaves 
in solution as NaOH as a rest|it of hydrolysis as 
shown below :— 

N.,C08+*1EI.0H 2N«0H+H, 
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(2) Aoetone whioh is (the oxidation product of 
secondary propyl aleohol page 105 also gives iodoform 
test. But acetone will give iodoform smell, even 
if we add (NH4OH) ammonium hydroxide instead of a 
solution of Na2C08. [Ethyl alcohol fails to give iodo¬ 
form test with NH4,0H, DisUnction from acetone\ 

Synthesis of Methyl Alcohol 

) Ever since 1923^ methyl alcohol is beirg synthesi¬ 
sed on a large scale by Patart process. In this pro<« 
cess the carbon monoxide obtained from water gas is 
reduced by hydrogen at 450°C and 200 atmospheric 
pressure in the presence of Cixtalysts like zinc oxide 
and chromium oxide. By using different catalysts 
a mixture of higher aleohels can also be obtains d. 

f 



CHAPTER VI 


AMebfdes and lataoes 


We have learnt on pages 83 and 85 that aldabydei 
are the oxidation products of primary alcohols ac< 
icetones are the oxidation produots of the secondary. 


Reactions. 

(1.) R—CHa-OH-l O => R OHO + HaO 
Primary alcohol. Aldehyde. 


(«) Rv 

>C -OH+O - 

I 

H 

Secondary alcohol. 


^C=0+HaO 

Ketone. 


General Fornola ef Aldehydes and Ketenes. 


Aldehydes ■- B—GHO 

Ketones ■ 

Hence, 

Aldehydio group ridioal -• [ —CHO ]. 
Ketonio group radical ■■ [ > C»0 ]. 



fiNpble Formula* ol th* vartous mtmbers ol Ald*bj4*s aad Ketoaes 
corrupoadlat to the respeettfo Alkjl Halides and Alcohols. 
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General Hetbods lor the Preparation ol Aldehydes. 

0 

1 . The first General Method. 

It ooQsists in oxidizing a primary alcohol with 
oxygen obtained from air or from a mixture of 
potaisium dicbromate and sulphuric acid. 

General Seactjon. 

R--CH2.OH+O - K—C^O-hHaO 

I 

Primary alcohol. H 

Aldehyde. 

[Read page 84]. 

For example ;— 

Preparation of Formaldebyde and Acetaldehyde 
hy the above method. 

(a) By oxidizing methyl alcohol with oxygen, 
we can prepare formaldehyde. 


Reaction. 

H- CH, OH+0 
Methyl alcohol. 


H—C«0-fHaO 

f 

H 

Formaldehyde. 


(b) By oxidizing ethyl alcohol with oxygen, we 
can prepare acetaldehyde. 

Reaction, 

GHs—CH 2 ~-OH +0 « CH 3 —C-O-HHaO 

H 

Acetaldehyde. 

/ 


Ethyl alcohol. 
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iS. The second General Method. 

With the exception of formaldehyde, other 
aHebydes are prepared by distilliog, a mixture of 
oaloiufn formate and caiciutn salt of a fatty acid. 

General Beaetion. 

OOC. H R.colo . 

Ca > Ca-2 B -0=0+3 CaCO. 

OOC H R CO O 

H 

Calcium Caloii.m salt of Aldehyde, 
formate, a fatty acid. 

For example :— ^ 

Preparation of Acetaldehyde by the above methol 

By distilling a mixture of calcium formate and 
calcium acetate, we can prepare acetaldehyde. 

Reaction. 

OOC.;tJ CHrj.COjo V 

Ca < + ! >Ca=2CH3.C=0+2CaC0s 

^ooc.H cHs COO ; 

I- H 

Calcium Calcium Acetaldehyde, 

formate. acetate 

Preparation of Farmaldehyde 

By dit-til-ing calcium formate alone, we «ai* 
prepare farmaldehyde. 



H . CQ/bv. 


Ca, 


H-.C = 0 + CaC0,. 


If 


Calcium formate. Formaldehyde, 

General Methods for the Preparation of Ketones. 

1, The First Qeneral Method, 

It consists in oxidizing a secondary alcohol with 
oocygen obtained from air or from a mixture of 
potassium dichromate and sulphuric acid. 
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General Reactioa 

Rv Bv 

>C—OH+O - > C-04-HaO 

I 'B/ Ketone, 

H 

Secondary alcohol. 

[Read page 85]. 

For example : — 

Preparation t>l Acetone by the abe?e metboo. 

By oxidizing secondary propyl alcohol, we oan 


prepare acetone* 
Heaction, 

CHav 

>C OH+0 

GHs^ ! 


H 


CHav 

^C^O+’H.O 

CHa^. 

Acetone. 


Secondary propyl »k:ohol. 

S. The Second Qeneral Method, 

It consists in distilling calcium salt of a fatty acid- 
^Jeneral Reaction, 



Caicium salt of a fatty acid. 

Preparation ol Acetone by the above method. 

By distilling calcium acetate, we can prepare acetone*. 
Reaction* 



CHj 

CH, 


^C>0+CaCO, 


Calcium acetate. 


Acetone. 
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Geoeral Properties or Aldebydes aod Ketones. 

Physical. 

Aldehydes. 

Formaldehyde is a gas. Other members ^of aldeh¬ 
ydes are liquids, possessing an napleasant and irritat¬ 
ing smell. Their solubility decreases and boiling 
point increases as their molecular weight increases. 

Ketones i 

They are all liquid. They possess pleasant smell 
and are non-irritating. 

Ghemical. 


The constitution of Aldehydes and Ketones are great 
help in the study of their chemical behaviour. 

R \ ^ \ 

)c=o >c*o 

H ^ R ^ 

Aldehydes. Ketones. 


From the study of the above constitutions, we find 
that the carbonyl group [ >'C"0 ] enclosed by dotted 
lines, is common in aldehydes and ketones. The 
reactions^ in which this common group takes part, 
will give the properties of aldehydes similar to 
ketones. Since, there is one hydrogen atom attached 
to the group [ > C*0 ] in aldehydss, there are a 
number of raacUnnSy in which aldehydes and ketones 
differ. 

Points of Similarity between aldehydes and 
ketone.'^, 

1. In the I'eachonSt showing similarity between 
aldehydes and ketones, we find, tnat there are the 
following three types of chemical changes :— 

A. The ojyqen atom attached to the carbon 
atom in the carbonyl group [>C“*0], common 
between the two families, combines with H 2 of the 
reactants, liberating H 2 O and the rest of the molecule 
of the reactant?, takes up the place of oxygen in the 
constitution of the aldehyde and ketone. 
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* 4 

B. The Oxygen atomt attached to the carbon atom 

in the carbonyl group [>C<^ 1, common between 

the two families, is changed into hydroxyl (—OH) 
group. One of the hydrogen atoms of the 
tants combines with the free bond of the oxygen 
atom and the rest of the molecule of the reactants 
gets attached to the free bond of the carbon atom in 
the aldehyde and ketone. 

C. The Oxygen atom attached to the carbon atom 
in the carbonyl group [ >C«0], common between 
the two familes, is replaced by two atoms of the 
halogen, with the action of phosphorus pentahalide. 

General Properties showioft similarity between 
Aldehydes and Ketones In table No 9. 

[In the table the properties of aldehydes and 
ketones are dealt with on the left and right hind pages 
respectively]. 
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Table 


Aldehydes. 


General Constitution. 

K V R V vO 

' >C = Oor >cr 

IV IV 

(x4) Fcactidns in which the OxyASD fltOM in the car^ 
bonyl qrnup [>C=®0] ts removed as fl^O. 


There are three such rtaotioDs ;— 

1. When aldehydes act on hydroxyl amine 
[H^N OH], we get water and a coraj)ouiid caPed 
aldoxime. 


General Heaction. 


K—C- -0+hJN“- 0H=R—C = N.OH + HaO 

i ' I 

H Hydroxyl H 

Aldehyde, amine. Aldoxime, 

2 . When aldehydes act oi^ hydrazine [HjN—NH 2 ]* 
we get water and a compound called aldohydrazone. 


General Reaction, 


R-C = 



H 


0+Ha N*-NHa 


R -C-N-NHa+HaO 

1 

H 


Aldehyde. Hydrazine. Aldohyrazone. 

3. When aldehydes aot on phenyl hydrazine, we 
get water and aldo-pheuylhydrazone. 
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No. 9. 


Ketones. 


Qeneral ConaUtuUon, 


B 

R 


\ 


C«»0 or ^ 


R 


c/ 


O- 


Reactions in which the Oxygen atom of the 
carbonyl group [ > C7*"0 ]* is removed as 

There are three suoh reactions : -- 


1. When ketones act on hydroxyl amino 
{HaN—OH], we get water and a compound called 
ketoxime. 


Qeneral Reaction* 
R> 


>- 

Ketone 


R 


\- 


O+H, |N.OH- pC-N.OH+HaO 


R^ 

Ketoxime. 


2. When ketones act on hydrazine [HjR-NHa], 
we get water and a compound called ketohydrazone. 

Qeneral Reaction. 

1 0+Hi, [n—NH j= ')C!-N—NH 2 +H 2 O 

K' I- — - r/ 

Ketone. Kotohyrazone. 


3. When kotones act on phenyl hydrazinot wo 
get water and koto-phenylhydrazone. 
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Oen eral Rea ction. 

R—C- 0+Ha|N.NH.CeHs«R-C-N*NH.C6H5+Ha0 

I - I 

H H 

Aldehyde. Phenyl hydrazine. Aldo phenylbydrazone. 

J5. Reactions tn which the oxygen atom oj the 
(y — 

group J , changed into hydroxyl 

(—Oif) group 

There are also three euoh reactions 
4 When aldehydes are reduced by nascent hyd¬ 
rogen, we get a compound called primary alcohol. 

Cjgneral Reaction* 


.0 




OH 


H H 

Aldehyde. Primary alcohol. 

5. When aldehydes act on sodium hydrogen 
sulphite, we get aldo.sodium hydrogen sulphite. 

Qeneral Reaction* 

H H 

Aldehyde. Aldo-sodium hydrogen 

sulphite. 

6. When aldehydes act on • hydrocyanic acid, 
we get a compound called aldo-oyanhydrin. 

Qeneral Reaction. 

.0- 




I 

• , ■ 

H 

Aldehyde 


H 

Aldooyanbydrin. 
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General Reaction. 

> C- 0+Ha;N.NH.C«H,,« ^C-N.NH.CsH^+HaO 

W 

Ketone. Ketophenylbydrazone. 


B. Reaction in which the oxygen atom of the 

! carbonyl group ] * ** changed into hyd-‘ 

roxyl (— OH) group :— 

There are also three such reactions ;— 

4. When ketones are reduce 1 by nascent hydro¬ 
gen, we get a compound called secondary alcohol. 

General Reaction. 

Rv .0— Rv yOH 


Ketone, 


+2H= >CC 

r/ 

Secondary alcohol. 


5. When ketones act on sodium i hydrogen 
sulphite, we get a compound called keto-sodium hydro¬ 
gen sulphite. 

Qeneral Reaction. 


Rv .Ch- 

+RaHS08 

Ketone. 


Rv yOH 

'^NaSOs 

Keto-sodium hydrogen 
sulphite. 


6. When ketone act on hydrocyanic 
a compound called keto-oyanhydrin. 

Qeneral Reaction. 


Rv yO— Rv yOH 

>C< +HCN- 

yC X Xru 


R 


^CN 


acid, we get 


Ketone. 


Keto-oyanhydrin. 
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C The reaction, in which the atoB of the 

carbonyl group l>C-0] is replaced by a halogen. 

7. When eldehydes are treated with 
penta halide, we get the 

Lrresponding hydrocarbon and phosphorus oiy- 
halide. 


Qeneral Reaction 

O+PXr.^R'- 




R—C 

! 

H 

Aldehyde. 


\x 


+POX 


c/ 

! 

H 

Dihalogen- 
derivative of the 
hydrocarbon. 


a 
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C% The Teactivn in which the 0Xy|(60 StODI of 
ih>* catbot.yl gtoup [>C**0] is replaced by a halogen, 

7- When ketones are treated with phosphorus* 
pi lua-halide, we get the dihalogen-denvative of the 
<orrt6pjDdiLg hyrooarbon and Dbo«Dhoiu‘-oxyba1id 


F 


General Reaction, 

V Rv. yX 

>0«O4-PX«» >C<^ +POX 


s 


derivative of 
hydrc carbon. 
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Theahjve seven points of th* 



the fi st two menibirs of the aldehyd - 


Ta! le 

• Ml mbora 

Aldehydes. 

Firs-t 

* 

For n Idchy io H—C **0 

1 < i * 

Second 

; 

1 

H 

Acet did'ijhyde CH3—C **0 

\ 

f 

11 

IJ 
* « 

A. The three reactions invo’uinff the removil <J 
the (ocijijnn atom, as fd-^0. 


5. Formoii^ehij'Ui a<;t^ on bvd'ox-1 amin-'forrn- 
inji; w.t r ru< d rorin Idoxiriiiy. Ac>daldekgd^, troa .ed 
li;.e-w. e yii Ills icy .dd >xi.sie. 

Eiiociion. 

(a) ri—0= i I N On=[I-C=N.OH + HaO. 

I ‘ . I 

II Ff .cr xj i a nipo H 

Fvjsmald-hyMt, Foriniidi^xi no. 


(/>) 


CH 3 -C- 

I 

H 

Aoetalciebj 


O 


do 


N.OH-CHa-C^N.OFI+Ha ‘ 


H 

Acetaldoxime. 


2. Form Adahfjd'i acts on hyd'^ajinQ f irming water 
and farmdldohydr>'-zo ;e. Acetaldehyde treated lik - ►vise 
yields acetal ohydrazMiie. 
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two f(tmi!?'>s IS given f.n thtHjible zVo; 10 as illustrated by 
a id only !he. Hmt af the ketone. 



1. Acetone iC s oa hydi’aziae f )riiin.^ w^ter and 
.aoetohj drazoiio. 
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Reactions, 
(a) H-C- 


O+H, 


N—NH t • H-C - N—NH»+HgO 

I 

H Hydrazine. H 
Formaldehyde. Formaldohydrazone. 


(b) CH»~C- 04H,N.NHa-CH3.C-N.NHa+H*0 

H H 

Acetaldehyde, Acetaldohydrazone. 


3. Formaldehyde acts on phenylhydrazine form., 
ing^water and formaldo^phenylKydrazone. Acetalde^ 
hyde treated like,wise yields acetaldo-phenylhydrazone* 


Reactions, 

(a) H.C OH- H.,N.NHCgH 4 * H.C - N.NHCeHg+ 

H Phenylhydrazine. H 
Formaldehyde, Farmaldo- 

phenylhydrazone. 



CH,-C = IO+Ha]N.NHCeH5 - 

H 

Acetaldehyde. 

CHa-^C«N—NHC9H5^ HaO 

H 

Aceto^phenylhydrazone. 


B. The three reactions involving the change of the 
oxygen atom into hydroxyl group (—OH). 


4. Formaldehyde, when reduced by nascent hyd¬ 
rogen, gives methyl alcohol. Acetaldehyde treated 
like^wise will yield ethyl alcohol. 
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Reliction. 


CH 


’Sc-0+H»N-NH, 


/ 


CH, 
Acetone. 


Hydrazine. 


CH 

’'Sc-N.NHj+HjO 

CH/ 

Acetohydrazone. 


3. Acetone acts on phenylhydrazine forming water 
and aceto-phenylhydrazone. 


Reaction, 


CH 


'^C-b-t-H.N-NHCoHj - 

CH,/ I- 

Acetone. CHsv 

>C-N.NHCeH5+HaO 

CHa-^ 

Aceto-phenylhydrazone. 


B. The three reactions involving the change of the 
oxygen atom into hydroxyl group (—OH). 

4. Acetone, when reduced by nascent hydrogen, 
gives secondary propyl alcohol. 
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Reactions. 

(a) H-c{ 

I \ 


c- 


4-2H 


H 


Formaldehyde. 


/ 


O— 


H 

1 

H-C-OH 

! 

H 

Methyl alcohol. 
H 


(b) CH3--C( 
i ^ 

H 

Acetaldehyde. 


+ 2H = CH,~C-OH 

I 

H 

Ethyl alcohol. 


5. Formaldehyde^ when acts on a solution of 
sodium hydrogen sulphite, gives formolJo..sodium 
hycfrogcri sulphite. Acetaldehyde treated like..wise 
yields acetaldo^sodium hydrogen sulphite. 

Reactions. 


(a) H-C^ 

1 N 


o- 


H 


-i NaHSO;; = H-C 

H 


1 

/ 

\ 


OH 

NaSO.. 


Fotnialdehyde. 


Formaldo.-sodium 
hydrogen sulphite. 


yO~ yOH 

(h) CHs-C( +NaHSO»« CH ~C<; 

I ^ I ^NaSOa 

H H 

Acetaldehyde. Acetaldo..sodium 

hydrogen sulphite. 

6. Formaldehyde, when acts on hydrocyanic acid, 
gives formaldocyan.hydrin. Acetaldehyde treated 
like,wise yields acetaldocyanhydrin. 



\ ) 


Reaction, 

CH;/ 

Acetone. 


4 2H 


■ *> »Vl 

CHo^ ^OH 

Scconciary propyl 
alcohol. 


i 


. I 


5, Acetone, when acts on a solution of sodium a 
hydrogen sulphite, gives acetoJsodiuhi hydrol^hf 
sulphite. 


n'l'i 


' , \ 


Reaction. 

CH3\^/0- 

CH./ 

Acetone. 


h.t'. : rt > 

I* * ( . . ' 

■i I • > . 


CH„. /OH 
+ NaHS03= >C< 

CH./ ^NaSO . 

A ceto.so-1 iu’mfli ydrigen; 
sulphite. 


I-' 


j f ^ :• 


H . 


6. Acetone, when acts on hydrocyanic ac\d, gives 
acetocyanhydrin. 


I 
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Reactions, 

jy- xOH 

(a) H^C< +HCN - H-CC 

i •. J ^ I 

H Hydrocyanic H 

Formaldehyde, acid. Formaldocyanhydrin.! 


(6) CH3-C<^ 

H 

Acetaldehyde. 


+HCN«CH3-C^ 


.OH 

^CN 


Acetaldocyanhydrin. 


, G* . The reaction involving replacement of the 
Qxygen atom by two atomr of a halogen, 

7. Formaldehydct when reacts with phosphorus 
penta»halidet gives dihalogen derivative of methane, 
Acetaldehyde treated like^wise yields ethylidene 
halide. 

■ «< - 

Reactions, 

Hv yX 

(a) H-C-OFPX#- +POX 3 

I ^X 

H 

Formaldehyde. Dihalogen methane. 


(W'CH3-C-0+PX5-CHa~C<^ +POX8 

H H 

AcVtfafdehyde. Ethylidene halide. 
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Reaction. 

CHi»v CH V >OH 

+HCN- }C( 

CH / \ Vn 

Acetone. Acetocyanny^rin. 


C* The reaction involving replacement of the 
oxygen atom by two atoms of a halogen, 

7. Acetone, when reacts with phosphorus penta« 
ihalide, gives iso-propyhdihalide. 


Reaction. 

j 

CH3V CH3V ✓Cl 

^C-OfPXa- )C{ +POX3 
CH / CHa^ Vl 

Acetone, . Iso-propyl dihalide. 
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Since one liycirogen atom is attached to the car^ 
honyl group (>C = 0) in the constitution of an 
aldehyde, there are a numher of reactions, in which 
aldehydes d ffer from ketones. 

The following are the points in which '“lldehydGS 
d ffer from Kerosieif. 

(1) Aldchydc<: are ea<s.ly oxidised even Liy weak 
oxidising suhstance^,, forming fatty acids retaining the 
same number of caibon atoms as are originally present 
in a molecule o( the aldehyde. 

Qeneral Reaction. 

R C^OiO - R~C-0 

H oil 

Aldehyde. Fafty Acid, 

Ketones are not easdy oxidised. Ff, Fiowever, 
they are treated with strong cjxid sing substances, 
they are sU wly ciecoirrosed inti^ water, carhon-di.. 
oxide and a tarty acid which liavc lcs^.er number of 
carbon aton s, than are originally present in a mole* 
culc ot the ketone. 

(2) Aldehydes are strong reducing agents. Any 
organic Coicpcuind, having an aldehydic group 
( CHO ), will be able to behave as a reducing agent. 
As such they are able to reduce : - 

(a) An ainmonical solution of sdver nitiCate to 
nvetallic silver. 

(b) Fehling's solution to a red precipitate of 
cuprous oxide. 

Experiments to illustrate the properties of aldehydes 

as reducing agents. 

(a) Prepare a dilute solution of AgNOa in dis¬ 
tilled water. Add to it ammonium hydroxide, till 
a brown piecipitate of silver hydroxide is form.ed. 
Continue adding more of am.monium liydroxide drop 
by drop, till the precipitate first forn ed, is just redis- 
solved. 
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Reactions, 

(a) AgNOs+NH^iOH - AgOH + NH*NQ.. 

(b) 2AgOH « Ag,0 ' H.;0. 

Thus the fui.n c)iuca] solution oT AgNO.j contains 
Ag^O. Aod a litrle of an aldehyde to tliis solution* 
The aldeiiyde will h e able to leduce Ag^O to metal¬ 
lic silver, 

Qeneral Reaction, 

R—CHO-tAgaO « R.COCH-4-2Ag. 

Aldeiiyde. Facty acid. 

(b) Prepare I ehjing’s soiuTon, which is a mix¬ 
ture ol solutions No; A and No: B. 

Solution No: A is projv.red by dissolving 4 gms. 
of CUSO4 in lU {. rus. 01 disiiiled water. 

Solution No; B is prepared by dissolving 8 gins, 
of NaCH and 20 gn s. ot Mothelle salt (sodium potas¬ 
sium tartaiate) in 60 l.l. oT distilled water. 

Solution No; A anti No: B taken in eQual 
Volumes is the behhng’s solution. 

Reactions, 

(a) CUSO4 i 2NaOH - Na.504-1 Cu(OHh 

(b) Cu(OH), =- CuO ;iro 

Cupric oxide. 

The cupric oxide (CuC), so formed remains dis¬ 
solved in Rochelle salt solution. 

The Fehling's solution containing cupric oxide, 
when added to a little ol an aldehydci is reduced 
to cuprous oxide (Cu.O), which is precipitated in 
red Colour- 

General Reaction, 

R.CH04 2Cu0 « R.COOH4Cu^ 

Aldehyde. Fatty acid. (rea"p^t). 
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Ketones are not able to behave as reducing agents, 

(3) Aldehydes develope a violet red colour, when 
A little of it is added ^ an aqueous solution of 
Rosaniline (magenta or fuchsine) decolourised by 
SO 2 gas. This tes^ is a sensitive test for aldehydes 
and is better known as Schiffs Test, after the name 
of the Professor of the Turin University of Italy. 

Ketones do not give Schiffs Test, 

(4) Aldehydes with the exception of formaldehyde, 
when boiled with a fairly strong solution of caustic 
soda, form resin—a brown substance of complex 
constitution. Formaldehyde similarly treated, yields 
methyl alcohol and sodium formate. 

Ketones do not react with caustic soda solution. 

(5) With the exception of formaldehyde, other 
.aldehydes act on dry ammonia forming aldolammonia. 

Qeneral Reaction, 

> 0 — .OH 

R—CC d-NHa - R-CC 
I ^ I 

H H 

Aldehyde, Aldo-ammonia. 

Formaldehyde does not give formaldo,ammonia 
with dry ammonia. It acts on ammonia yielding 
-water and hexamethylene tetramine base. 

Reaction. 

6H.CHO+4NHa - CaH.aN4+6HaO 
Formaldehyde. Tetramine base. 
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Ketones do not act on ammonia. 

(6) Aldehydes undergo polymerisation as well a^ 
Condensation. ^ 

Ketones do not polymerise, they undergo only 
condensation. 

Polymerisation. 

It is a reversible chemical change, in which two 
ot mote molecules of an organic compound, unite 
to form a product, whose molecular weight is a 
multiple of the molecular weight of the original 
Compound. 

Note :—The unstability of the products produced 
during polymerisation, is due to the fact, that such 
products are formed by the union of the molecules 
generally through the bond of oxygen atom. 

Ketones although do not polymerise, yet undergo 
slightly a difterent kind of chemical change, called 
condensation. 

Condensation. 

It is an irreversible chemical change, in which 
two or more molecules of the same or different 
compounds unite through only the bonds of a carbon 
atom, to form a more complex and stable compound 
with or without liberating H^O or HCl molecules. 

Note :—The stability of the compounds formed 
during condensation is probably due to the fact, that 
such compounds are forn.ed by the union of the 
molecules throuj^h the bonds of a carbon atom. 

ne above h\X points 0 / di s'S> mi lari ty between the 
two families are illustrated by the first two members of 
the aldehydes and only IhistliM of the ketones in the 
table No, 11. 



Tab 
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Formaldehyde. Formic acid. 





Aldehydes. Ketones 
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Formaldehyde* Methyl alcohol. 



Acetaldehyde like other aldehydes, when ttea- i Acetone does not act on 
ted with dry ammonia forms acetaldo-ammonia. 1 ammonia. 
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Example of polymerisation of aldehydes 

1. Three molecules of formaldehyde polymerise 
to form trioxymethylene, whose molecular weight is 
triple that of the formaldehyde. 

Reaction. 

Formaldehyde. T rioxy methylene. 



Three molecules. A single molecule. 

Trioxymethylene is formed when formaldehyde 
is treated with a little of dilute acids or alkalis. 

2. Three molecules of acetaldehyde polymerise 
to form paraldehyde whose molecular weight is triple 
that of the acetaldehyde. 

Paraldehyde is formed when acetaldehyde is trea:* 
ted with a little dilute acids or alkalis. 
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Reaction, 

Acetaldehyde, Paraldehyde. 



Three molecules. A single molecule. 


Examples of condensation of aldehydes •— 

1, Six molecules of formaldehyde condense 
to form glucose or fructose, whose molecular 
weight is a multiple of that of formaldehyde. It ii 
a very important reaction taking place in the green 
plant leaves under the influence of the radiant energy 
from the sun. 

Reaction. 

o——V o—•K. o—o—o* 

» hi hi hi h I > » 

H-C- + H-C - fH-C - ♦H-C- 

< 11 I I I 

, H H H H H H 

II 

O-H 0-H 6-H 0*H 0 

I » » I I • 

H-C-C-C-C-C-*C 
I I t f I 'I 

H N li. II ,11 

Glucose. 

2* Two molecules of acetaldehyde are condensed; 
to form Aldolf when treated with a solution of potas.. 
•ium carbonate. iAldol condensation). 



( 132 ) 


Reaction, 



CH3-C- + H ; 

I 

H 





O-H 

I 

CH,~ C- CH 

I 

H 




Ml 


Aldol. 

Examples of condensation of ketones :— 

We have already met with at least three examples 
of Condensation, while studying the behaviour of 
(1) hydroxylamine, (2) hydrazine and (3) phenylhydra„ 
zine towards ketones. (Refer to table No. 9, pages 
109 and 111). In all these reactions, the molecular 
combination is effected through the carbon linkage^ 
liberating water and a condensation product. Hence 
these reactions are irreversible and the condensation 
products are stable. 

Apart from the above examples of condensations, 
acetaldehyde when treated with concentrated suL 
phuric acid and fractionated, yields mesetylene as 
a distillate. 


Reaction, 

Acetaldehyde. 

i 

'V.o 

H^C JC—H 

H Q H j 


Mesetylene. 


CH, 


H-C 


/ 


'C-H 


* 3H20 + 



Three molecules. 


A single molecule. 
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Laboratory metbod for tbe preparatloo of forma!- 
dehyde. 

It consists in oxidising methyl alcohol vapout 
with the atmospheric oxygen, in the presence Jot 
heated copper wire gauze which acts as a catalyst. 

About 60 c. c. of methyl alcohol are taken in a 
conical flask, which is fitted up with an inlet tube 
reaching right up to the bottom of the flask and also 
with an outlet tube, connected to one end of a 
combustion tube containing a copper wire gauze. 
The other end of the combustion tube is connected 
with another conical flask containing a little water. 
The exit tube A of this flask is attached to a suction 



pump as shown in fig. 24. The conical flask, 
taining methyl alcohol is heated over water bath at 
45®C (the heating arrangement is not shown in the 
figure). As the flask is being heated, the exhaust 
pump is made to suck air through methyl alcohol 
taken in the conical flask. The methyl alcohol 
vapour mixed with atmospheric oxygen is passed 
through the heated copper wire gauze kept in the 
combustion tube. The methyl alcohol is oxidised by 
the atmospheric i oxygen to formaldehyde—copper 
wire gauze acting as a catalyst. 
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Reactions. * 

H H 

I I 

(i) H—C—OH + O (from air) H—C—OH 


H 

Methyl alcohol. 
H 


I 

HO 

Unstable compound. 


H 


(ii) H—C--OIH H~C»0+HaO 


Formaldehyde. 

"OH 

The formaldehyde vapour ib dissolve in water 
taken in the conical flask shown at the right hand 
of the Fig. No! 24. Formaldehyde is always prepared 
and commercially sold as an aqueous solution. Forma¬ 
line is a commercial name given to an aqueous solu¬ 
tion of 40% formaldehyde. 

Properties of formaldehyde. 

Physical, 

It is a colourless gas, posse'ising a characteristic 
irritating smell. It is fairly soluble in water. 

Chemical, 

(Read table No-' 10, pages 114, 116,118 and 120 
and also table No: 11, pages 126 to 129). 

The following are the points in which formalde 
hyde differs from other aldehydes •*— 

(1) Formaldehyde, when treated with dry ammo¬ 
nia, does not form aldo-ammonia; but, it yields a 
white and crystalline solid called hexamethylene 
tetramine base used in medicine as “Urotropine”. 

Reaction. 

6 H—CHO+4NH8 (CH2)aN446HaO 

Formaldehyde. U rot r opine. 
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(2) Formaldehyde, on being boiled with a strong 
solution of caustic soda, does not form resin; but 
yields methyl alcohol and sodium formate* 

Reaction. 

2H-CHO-f-Na.HO CHs-OH^H.COONa 

Formaldehyde, Methyl Sodium 

alcohol. formate. 

Sensitive test for forfflaldebyde. 

Remine’s Test. 

It is a sensitive test used to detect the presence of 
formaldehyde. The following is the procedure for 
performing this test :— 

Take two or three drops of phenylhydrazine in 
a test tube nearly halFful of water. Acidify it with 
dilute HCl to obtain a solution of phenylhydrazine 
hydrochloride NH-NH 2 .HCI). 

Take about one c. c. of this acidified solution into 
a test tube. Add to it about 2 c. c. of formaldehyde 
solution. Introduce NaOH in excess, till the solu,. 
tion is definitely alkaline. Formaldehyde developes 
an intensely blue colour whereas acetaldehyde, simi. 
larly treated developes deep red colour. 

Note :—None of these colours is, however perma# 
nent. The colours fade away after sometime. 

Uses oC formaldehyde. 

Formaldehyde is commercially known as formaline 
and it is used :— 

(1) as a preservative for biological specimens, 

(2) as a fixitive of gelatine films on photographic 
plates, 

(3) as an antiseptic and disinfectant, 

(4) in the manufacture of “bakalite** a substitute 
for “ivory**. Bakalite is a condensation product 
of formaldehyde and phenol, and also 

(5) in the manufacture of dyes and drugs. 
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Laboratory method for tbe preparation of acetal- 
debyde 

It Consists in oxidising ethyl alcohol by an oxidis¬ 
ing solution, which is prepared by dissolving potas.. 
sium dichromate (K 2 Cr 207 ) in water along with 
sulphuric acid. 

A solution of 25 grams of K 2 Cr &07 dissolved in 
100 c, c. of water is taken in a distilling flask, fitted 
up with a tap-funnel and a condenser connected to 
a recedver, which is kept in a basin containing a 
freezing mixture. The condenser and the flask are 
clamped suitably to a stand. The distilling flask is 
supported over a water bath. A mixture of 50 c. c. 
of ethyl alcohol and 20 c, c. of strong HgSO^ is 
taken in the dropping funnel. (Refer to fig. 25). 



Fig. 25. 

The liquid in the distilling flask is warmed over 
the water bath. The alcoholic mixture from the 
taprfunnel'is introduced into the flask a little by little. 
As ethyl alcohol is oxidised, the potassium dichro¬ 
mate solution turns green. Since the alcoholic 
oxidation is a strongly exothermic reaction, the green 
solution in the distilling flask soon begins to boil. 
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The flame is thereafter removed* The liquid from 
the tap-funnel is introduced into the flask at the rate 
at which the distillate collects in the receiver. The 
distillate in the receiver, is an impure sample of 
acetaldehyde. Ethyl alcohol, ether, sulphurous acid 
and water are the chief impurities. 

React ions. > 

(i) KaCraO?*4*4112804KaS 04 'i’Cra( 804)5 

Hr4Ha04*30 

(li) 3C2H5.0H4-30«3CH5.CH0+3Ha0 
Ethyl alcohol. Acetaldehyde. 

Porltlcatioo of acetaldehyde. 

The distillate as obtained above in the receiver 
is taken in a flask, fitted up with a reflex condenser, 
the upper end of which is connected by a long 
vertical bent tube to the two conical flasks, each 
Containing about 100 c.c. of ether as shown in Fig. Z6, 



Fig. 26. 

The flask containing the impute sample of acetal¬ 
dehyde is heated over sand bath along with a few 
glass beads which prevent bumping of the liquid in 
the flask. Water between 30^0 and 35°C is kept 
in circulation through the reflex condenser. Between 
this range of temperature, only pure acetaldehyde 
does not condense, whereas, water and ethyl alcohol 
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are condensed and reflexed back into the flask. The 
vapour of acetaldehyde dissolves in ether placed in 
the two conical flasks, and we get an ethereal solution 
of acetaldehyde. The solution so obtained is next 
saturated with dry ammonia^ which combines with 
acetaldehyde to form acetaldo^ammonia, the solution 
of which is next cooled by a freezing mixture. The 
acetaldo-ammonia crystallises out, as the solution 
cools. The acetaldo-ammonia so obtained yields pure 
acetaldehyde on redistillation over fused CaCli. 

Manafactare of acetaldehyde. 

( Synthetical process ) 



furnace 


Fig, 27. 

Acetaldehyde is manufactured synthetically these 
days from acetylene (CH= CH) gas. 

The apparatus for the synthesis of acetylene 
(CHSCH) consists of a retort R provided with an 
inlet tube and also an outdet tube which is connec. 
ted with a worm condenser, opening into a tank 
receiver TR. The retort R is jacketed with an outer 
vessel, (provided with an arrangement to heat the 
xetort R by steam. 




( 139 ) 


A solution of murcuric sulphate in dilute H 2 SO 4 
is taken in the retort R and is saturated with acety¬ 
lene gas (prepared by the action of water on calcium 
carbide) through the inlet tube as shown in fig. 27, 
As the solution gets saturated with the gas, the retort 
is heated to 100°C by steam, when acetaldehyde, pass., 
ing through the worm condenser, condenses and 
Collects in the tank receiver TR, 

Reaction, 

CH SCH Acetylene. 

H 2 O Water. 

CHb—C« 0 Acetaldehyde. 

I 

H 

Note •—The solution of mercuric sulphate in 
dilute H 2 SO 4 acts as a catalyst in the hydrolysis of 
acetylene. 

The acetaldehyde so synthesised gives acetic acid 
on commercial scale, when the acetaldehyde is oxidi¬ 
sed with the atmospheric oxygen in the presence of 
manganese acetate or iron, which acts as a catalyst. 

Properties ol acetaldehyde. 

Physical. 

It is a colourless liquid, having a characteristic 
smell. It is soluble in water and also in organic 
solvents. 

Chemical, 

(Read table No** 10 and next table No: 11, followed 
by the examples of polymerisation and condensation 
from page 130 to 132), 

SeasitlTe test for acetaldehyde. 

Remine^s Test, (Read page 135). 
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Uses of aeetaldebyde. 

It is used 

(1) in the manufacture of resin, acetic acid, colour^ 
ing matter and medicines, 

(2) as a solvent for organic substances. 

Laboratory method for tbe preparation ot acetone. 

It consists in dry distillation of calcium acetate. 
About 20 grams of calcium acetate are strongly hea* 
ted in a retort, connected with a condenser and a 



receiver as shown in fig. 28. An impure sample of 
acetone collects in the receiver. 


Reaction, 



Ca 


CH 

CH 


C =o 
+ CaCO, 


Calcium acetate. 


Acetone. 
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ParifIcatloD of acetone. 

The impure sample of acetone is agitated with 
sodium hydrogen sulphite, which combines with 
acetone forming aceto-sodium hydrogen sulphite— 
a white and crystalline substance, which, when diSw 
tilled with Na 2 C 03 , yields pure acetone. 

Hanafactore of acetone. 

1. Commercially, acetone is obtained as a 
byproduct in the manufacture of methyl alcohol. 

2. It is also manufactured by passing the vapour 
of acetic acid over heated aluminium oxide (AUOb), 
with acts as a catalyst. 

Reaction, 


CH3.CO 
CHr 


CH, 


O I H 
CO joH 


[Aceticcid. 


V-o ^oJh.o 

Acetone. 


CH./ 


It is manufactured by fermenting starch grains 
with the help of bacillusMceto^ethylicus as ferments. 

Properties of acetone. 

Physical, 

It is a colourless liquid, possessing a pleasant 
smell. It boils at 56°C. It is very soluble in water 
and is a useful solvent of organic substances. 

Chemical, 

Read table NoJ 10, and also the table No** 11> 
followed by the examples of condensation on page 
132. 
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Seositive test of acetone. 

Take a freshly prepared strong solution of sodium, 
nitroprusside. Add just a drop of acetone to this 
Solution and make it alkaline by adding caustic soda 
solution drop by drop. If it imparts a red colour to 
the solution the presence of acetone Js confirmed. 

Uses of acetone. 

Acetone is used 

1. in the manufacture of (1) chloroform, (2) iodo^ 
form and (3) cordite which is an explosive, 

2. as a solvent for celluloid, nitrocellulose and 
other organic substances. 



CHAPTER VII. 

FATTY ACIDS. 


We have seeh on page 122, that fatty acids are the 
oxidation products of aldehydes. 

Reaction, 

R—C-O+O - R—C-O 

1 I 

H OH 

Aldehyde. Fatty acid. 

General fermnla of fatty acid Is R—C «0 

! 

OH 

Hence, the carboxylic group of a fatty acid is —C "“O 

I 

HO 

Graphic form ala of some of the members of fatty 
acids corresponding to their respective aldehydes are 
noted In the following table No: 12. 



Table No^ 12. 
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%%• 














16. j Palmaldehyde, CjsHaj—C**0 | Palamatic acid. | CisHgi—C 
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4ienerat metbods for tbe preparation of fatty adds 


1. The first general method. 

It consists in oxidising an aldehyde. (For the 
general reaction of this method refer to page 122). 


Preparation of formic and acetic acids by tbe above 
.metbod. 

These acids are prepared by the oxidation of 
formaldehyde and acetaldehyde. 


{a) Reaction for formic acid, 

H—C«0-f0 rfrom an oxidizing 

] L agent 


H 


Formaldehyde. 


I 

HO 

Formic acid. 


(b) Reaction for acetic acid. 


’CH3-C«0+0 

1 

I 

H 


rFrom an oxidizing 
L agent 


] 


Acetaldehyde. 


-CH3~C«0 

I 

HO 

Acetic acid. 


2, The second general method. 

It consists in treating sulphuric acid with the 
barium salt of the acid whicn is to be prepared. 


Qeheral Reaction. 


R-COOv- 

y Ba'hS 04 

R-COO^- 

Barium salt of 
a fatty acid. 



2R—C00H+BaS04 
Fatty acid. 
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Preparation of formic and acetic acids ky the abofe 
method. 

(a) Rcactfon for formic acid. 

H.COOv 

> Ba+S 04 ':.H 2 * 2 H.C 00 H+BaS 04 

H.COO^-r- 

Barium formate. Formic acid. 

(b) Reaction for acetic acid. 

CHs.COOv ,- 

> 'Ba + SO 4 'H 3 + 2C H 3 —COOH +BaS 04 

CHg.COO^- 

Barium acetate. Acetic acid. 

3. The third general method. 

It consists in hydrolysing an alkyl cyanide. 

Qeneral Reaction. 

R—CN Alkyl cyanide. 

OHH ) 

y Water two molecules. 

OH 2 ) 

R-COOH NHa 
Fatty acid. 

Preparation of formic and acetic acids by the above 
method. 

(a) Reaction for formic acid, 

H—C|N Hydrocynic acid. 

OH H , 

Water two molecules. 

OH'i 

H-COOHNHa 

Formic 

acid. 
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(b) Reaction for acetic acid, 

CHs—CiN Methyl cyanide. 

oh|h 

> Water two molecules. 

OiHa) 

CHa.COOHlNHa 
Acetic acid. I 

Nnce :—The cyanogen group ( —CN ), attached to 
a carbon atom in any organic compound, on hydro¬ 
lysis is changed into a carboxylic group ( COOH ); 
whereas, on reduction it is changed into an amino 
group (—NHa ), according to the following general 
reactions :— 

(d) Hydrolysis of the cyanogen group, 

—C N Cyanogen group. 

OHH 

Water two molecules. 

OH, 

-COOH NHa 

Carboxylic 

group. 

(b) Reduction of the cyanogen group, 

—CN Cyanogen. 

H.,;Hj 2 molecules of hydrogen. 

—CH.-NHa 

Amino group. 
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General properties of fatty acids. 

Physical, 

The first three members of the fatty acids are 
colourless liquids, having a penetrating smell. The 
fourth and the a few next members are thick oily 
liquids possessing a disagreeable smell. The higher 
members are solid. They are all soluble in water and 
in organic solvents. 

Chemical, 

Tbe general ebemieal reactions. 

(Every general reaction will be illustrated by formic 
and acetic acids), 

1. The gneeral reactions of fatty acids on alcohols. 

When fatty acids act on alcoholsi the hydrogen 
atom of the carboxyl group combines with the hvtL 
roxyl group of the alcohol, forming water and a 
compound called Ester, The reaction is known as 
Esterification, which is always a reversible reaction* 
Read the page 71. 

Reaction. 

R—COojH+OH I.R-R—COOR+HaO 

^ Fatty acid. Alcohol. Ester. 

The above reaction is illustrated in the case of 
formic and acetic acids acting on metbyi and etbyl 
alcohols. 

(1) H.COOHtOH .CHa^H.COOCHs + HaO 

Formic acid Methyl Methyl 
alcohol. formate. 

(2) H.COOH+OH .CaHs-H.COOCaHs + HaO 

Ethyl Ethyl 

alcohol. formate. 
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(3) CHg.COojH^OH j.CHg-CHs.COOCHs+HjO 

Acetic acid. Methyl Methyl acetate. 

alcohol. 

(4) CHa.COOiH+OH .CaHs^CHg.COOCaHs + HaO 

I___ 

Ethyl alcohol. Ethyl acetate. 

2. The general reactions of fatty acids on caustic 
soda or potash and ammonium hydroxide. 

When fatty acids act on any one of these alkali, 
the hydrogen atom of the carboxyl group combines 
with the hydroxyl group (—OH) of the alkali, foim- 
ing water and a compound called a salt. The reac¬ 
tion is known as neutralisation. 

Reactions. 

(1) R— COO|H + OH|.Na = R.COONa + HaO 

Sodium salt 
ot a fatty acid. 

(2) R-C00Ih4 0h|.NHi = R--C00Na + H,0 

i .. 

Ammonium salt 
of a fatty acid. 

■ Note : —If, however, higher fatty acids like palma. 
tic and stearic acids are neutralised by caustic soda 
or potash, we get w^ater and a soap, which is a sodium 
or potassium salt of a higher fatty acid. 
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The above reactions are illustrated in the (ormie 
and acetic acids acting on caustic soda or potasb and 
ammonlDO] h^fdroxlde. 

(1) H.COO| H-f OH I .Na « H.COONa-fHaO 

Formic acid* Sodium formate, 

(2) CH8>COO|H-fOHj,Na - CHg.COONa+HaO 

Acetic acid* Sodium acetate. 

(3) H.CQ0 |H4 0H [.NH4 - H.COONHJ+H 2 O 

Formic acid. Ammonium formate, 

(4) CH8.C00|H+0Hj.NH4«CHsC00NH*+H2O 

Acetic acid. Ammonium acetate* 

3, The general reaction of fatty acids on phos¬ 
phorus pentahalide. 

When fatty acids act on phosphorus pentahalide» 
the hydroxyl group (—OH) of the fatty acid 
R C—Ois replaced by one atom of the halogen, 

KO 

changing the acid into the corresponding acid chlo». 
ride and forming also a halogen acid along witlx 
phosphorus oxyhalide. 

Reaction. 

R—C^O-fPXs * R—C-0+-HX + P0X, 

OH ± 

Fatty acid. Acid halide. 
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The above reactions are illustrated in the case of 

Idrinlc and acetic acids acting on plioaplioras peota. 
isblorlde. 


(1) H-C*0+PCl5«H-C-0+HCl+P0Cl3 

OH Cl 

Formic acid. Formyl chloride. 


Note :—Formyl chloride is a very unstable com. 
pound and decomposes immediately forming HCl 
.and CO. 


(2) CHg-C-O+PCls-CHs-C-O+HCl+POCls 

OH Cl 

Acetic acid. Acetyl chloride. 

4. The general behaviour of fatty acids, v^hen 
they are treated with a dehydrating agent. 

When fatty acids act on a suitable dehydrating 
agent like P^Os, they form acid anhydride and 
liberate water. 


Reaction. 


R.COO 


H 


R.COfOH 


R.CO 
R. CO 



O^HjO 


The molecules Acid anhydride, 
of a fatty acid. 

The above reactions are illustrated in the case of 

lormle and acetic acids acting on pbospboras peota* 
oxide. 


H COOjH 
H COlOH 


+ p 2 O 5 - 


Formic acid. 


H. CO\ 

>0+ H,0+ P,Oc 

H co/ 2 * 5 

Anhydride 
of formic acid. 
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Note '—Anhydride of formic acid, being very 
unstable, soon decomposes into water and carbon^ 
monoxide. * 


H.CO. 

HaO+2CO 

H.CO^ 


CH3COIOH ^ ® 

Acetic acid. 


CH3 CO 
CH 3 CO 


^O+HjO+PjO, 

Acetic anhydride. 


FOBMiC ACID 

Laboratory method for the preparatloo of formic 
acid. 

It consists in heating glycerine and oxalic acid 
in the proportion of 1 : 2 in a distilling flask fitted up 
with a condenser, a receiver and also a thermometer, 
having its bulb dipped in the liquid, as shown in the 
Fig. 29. The flask 
is heated over a 
sand bath and the 
temperature, dur* 
ing distillation is 
maintained bet. 
ween 105°C and 
llO'^C. The distil, 
late collects as an 
aqueous solution 
of formic acid. 

The reaction takes 
place in the follow, 
ing three stages :— 

Fig. 29. 

1 . Esterification, resulting in the formation of 
gIycerine.mono.oxalate and water. 
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CH,-OH 

I 

CH —OH COOH 

I ... i 

CH2-OH+H p-c-o 

Glycerine. Oxalic 

acid. 


«CH-OH COOH 

I I +HiO 


CH.2-0-C»0 

Glycerine-mono- 

oxalate. 


2. The decomposition of glycerine.mono-oxalate 
into glycerine-mono-formate and carbon-dioxide. 


CH,-OH 


CH—OH COOiH 

I 

CHa-0-C=0 
Glycerine mono¬ 
oxalate. 


CH2-OH 
-CH—OH H 

I I 

CH..~0-C-0 

Glycerine-mono, 

formate. 


-rCO 


2 


3. The reaction of glycerine-mono-formate with 
more of oxalic acid forming (1) glycerine-mono¬ 
oxalate and (2) formic acid. 


CH 2 -OH 

I ■ - 

CH— OH H COOH 

I ■;*'i . 

CHj-0-C = 0C00H 
G lyce rine-mo no- 
formate. 


CH 2 -CH 


*CH-OH COOH 

I i +H.COOH 

CHo—O— C^C Formic 
Glycerine-mono- acid, 
oxalate. 


Notes 1. Glycerine-mono-oxalate keeps up the 
chain of reactions with oxalic acid, as 
more of it is added a fresh. 

2, Formic acid collects in an aqueous form, 
from which an anhydrous sample of it 
is obtained. 
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3* A small amount of glycerine will thus 
be needle to decompose large amount or 
oxalic acid into formic acid and carbon, 
dioxide^ 

Conversion of an aqueous formic acid into an 
anhydrous sample. 



Lfad Forrrutfe 


Fig. 30. 

The aqueous formic acid is foiled with lead car, 
bonate, the excess of which is removed by 
The filtrate is boiled to the point of saturation and 
then cooled. The lead formate is crystallised, separa, 
ted out and completely dried. 

Reaction. 


H.COiH 


H 


H.CO 

Formic acid. 


+C 03 !Pb 


H.COOv 

H.COO' 

Lead formate. 


The perfectly dry lead formate ‘ 

loosely filled into a combustion tube 
Und in an inclined position as shown m ‘^e Fig, M. 
Thrupper end of this t»be is connec«d to a H»S gas 
generating Kipp's apparatus through a wash b 
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•containing cone : H 2 SO 4 . Asa current-of dry HaS 
gas is passed through the heated lead formate in the 
combustion tube, an anhydrous formic acid distills 
over and collects in the receiver. 

Reaction. 

H.COO. ,- 

>Pb+SH, « PbS + 2H.COOH 

H.COO'^ - Formic acid. 

Lead formate. 

Hanolaetare ol formic acid. 





Fig. 31. 

Steam under pressure is passed over heated char, 
coal in a retort as shown in the Fig. 31. A mixture 
of carbomdioxide and water gas (carbon,monoxide 
and hydrogen) is led through a tank containing lime 
water, which absorbs CO 2 and is precipitated as 
CaCO.^. The water gas (CO and H) leaving the 
lime tank, passes through water in the presence of 
vanadium (a catalyst) in the next tank. The carbon- 
monoxide acts on water in the presence of the cata¬ 
lyst and forms formic acid. The hydrogen from 
this tank is led to the gas holder. 

. Reaction. 

C0d-H,0 - H.CCX3H 

Formic acid. 
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Properties ot formic add. 

Physical, 

It is a colourless liquid, possessing a pungent^, 
irritating and characteristic smell. It has a cor* 
rosive action on skin. It is heavier than water, in 
which it is highly soluble. 

Chemical, 

(Readtpages 149 to 153). 

The pointsj in which formlC add differs from aCOtlC^ 
or other fatty adds. 

(1) Formic acid alone contains in its constitution 
an aldehydic group shown below, as enclosed by 
dotted lines and hence, like other aldehydes, it be¬ 
haves as a reducing agent. It is able to reduce 
ammonical solution ot silver nitrate to metallic 
silver. Acetic acid and other higher members, have 
no aldehydic group and they are, therefore, not a 
reducing agent. 


H0-C*0;0H—C-O; OH—C-O 


H CH 3 R 


Formic acid. Acetic acid. Fatty acid. 

(2) Formic acid is decomposed with cone : Ha SO 4 
giving water and carbon-monoxide. 

Reaction. 

H-C00H+HaS04 - HaO+COtHaSO* 

Test of formic add and formates. 

(1) They evolve carbocumonoxide with strong 

HaS04, 

(2) Ferric chloride solution added to a neutral 
solution of formates ptoduces a red colour, which 
is discharged by dilute HCl. 
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ACETIC ACID. 

Laboratory method for the preparatloo of acetic 
acid 

A solution of 15 grams 
of powdered K 2 Cr 407 in 
300 c.c. of water and 30 c.c. 
of strong H 2 SO 4 , is taken 
in a flask which is provided 
with a reflex condenser and 
is heated over a sand bath. 

About 20 cx. of ethyl alco¬ 
hol are introduced into the 
^ask little by little, from 
the dropping funnel fitted 
to the reflex condenser, as 
shown in the Fig. 32, The 
mixture is heated gently 
for 30 minutes, till there is 
no smell of acetaldehyde in 
the flask. 

Reaction. 

(Read page 137), 

The acetaldehyde pro, 
duced during the reaction 
is reflexed back into the 
flask, and is oxidised to 
acetic acid. Pjg^ 32 , 

Reaction. 

CHb—C-O+O CHs—C-O 

1 i 

H OH 

Acetaldehyde. Acetic acid. 

The contents of the flask are next transferred to 
a distilling flask fitted up as shown on page 13, fig. 4 . 
Acetic acid is distilled out along with water, which 
collects in the receiver. 
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Conversion of aqueous acetic acid into anhydrous 
or ifacial acetic acid. 

The ditillate from the receiver is just neutralised 
with Na.COa and we get a solution of sodium ace¬ 
tate. This is boiled to the point of saturation, 
cooled and allowed to crystallise. The crystalls of 
sodium acetate {CH«.C 00 Na. 3 H 20 ) are separated 
out, dried and finally fused to remove the water 
of crystallisation.’ The anhydrous sodium acetate 
(CHa,COONa) is next distilled with cone : H..SO 4 . 
The distillate on cooling solidifies as an anhydrous or 
Slcicial acetic acid. 

Notes (1) Glacial acetic acid is a white icy crys¬ 
talline solid. 

(2) Acetic acid does not solidify unless 
free from impurities like water even 
in traces. 

llaDDlactDre ef acetic acid. 

1 . Vinegar process. 

Acetic acid is manufactured in a “Vat”, having a 
perforated shelf at the bottom and also at the top as 
shown in the Fig. 33. 

The space between 
these two shelves is 
packed up with wood 
shavings soaked in 
strong “ Vinegar ”—a 
solution of acetic acid 
having also a living 
fungus (bacteria) called 
my coderma aceti- a fer^ 
ment. The “Vat” is 
provided with apper.. 
tures for the supply of 
atmospheric oxygen 
from outside. About 
5% of ethyl alcohol, is 
run down slowly from 
the top into the “Vat”. 



Fig. 33. 
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The alcohol, during its passage through the wood 
shavings is oxidised to acetic acid by an Eszyme—a 
complex organic catalyst produced from the ferment 

' Sycodenia Acetl. 

Reaction, 


CHa.CHa.OH + ZO « CHg.COOH-fH^O 

Ethyl alcohol. Acetic acid. 


The acetic acid is drained out from the bottom 
of the “Vat*’. The concentratton of the acetic acid 
is increased by passing the liquid through the wood 
shavings from the top of the “Vat” over and over 
again. 

2. Synthetic process. 

It is commercially obtained synthetically from 
acetylene. (Refer to pages 138 and 139, Fig. No. 27). 


3. From pjrroligneoas acid. 

The calcium acetate, obtained during the distilla.^ 
tion of pyroligneous acid. (Read page 86, and also 
Fig. Noi 20, on page 8b), is the source from which 
aceric acid is obtained on a commercial scale. The 
calcium acetate is distilled with sulphuric acid. 


Reaction, 


# 


CHj.COOv 

CH,.COo/ 


Ca+S 04 .Hj 


Calcium acetate. 


CaS 04 + 2 CH 3 .COOH' 
Acetic acid. 


Note :—In all these commercial processes, only an 
aqueous solution of acetic acid is obtained. For the 
conversion of aqueous acetic acid into glacial acetiq 
acid, read page 159. 
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Properties of acetic acid. 

Physical. 

At ordinary temperature it is a colourless liquid; 
but at a low range of temperature, it is a white crys¬ 
talline icy solid. It is highly soluble in water and 
possesses a very characteristic smell. It absorbs 
moisture from air. It boils at 118°C, It is denser 
than water. In concentrated form, it burns skin, 
producing blisters. 

Chemical. 

(Read pages 149 to 158). 

Apart from the properties of the acetic acid 
already described, it is important to know that acetic 
acid also yields mono, di or tri substitutive products, 
when the acetic acid is treated with chlorine or 
bromine in sunlight. 

’ Reactions. 

(1) CH..COOH4C13 + CH 2 .CI.COOH+HCI 

Acetic acid. Monochloro acetic acid. 

(2) CH^Cl.COOH-fCU = CHCI 3 .COOH + HCI 

Dichloro acetic acid. 

(3) CHCI 3 .COOH + CI 3 = CCla.COOH-rHCl 

Trichloro acetic acid. 

Uses of acetic acid 

It is used :— 

(1) in obtaining rubber form latex, 

( 2 ) in obtaining casein from milk, 

( 3 ) in the manufacture of dyes, drugs, perfumes 
and artificial silk, 

( 4 ) in varnishing ‘'canvas” in combination with 
cellulose 
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(5) in the production of cinematographic films, 

(6) in the manufacture of various acetates of 
commercial importance* 

(?) as a solvent of organic substances. 

Test of acetic acid and acetates. 

(1) Acetates, when just warmed with a few drops 
of cone : HaSO^ give characteristic smell of acetic 
acid. 

(2) A neutral solution of an acetate gives a red 
colour with ferric chloride. The red solution, 
however, gives a brown precipitate of iron basic 
acetate on boiling the solution. 



CHAPTER VIIL 


ESTEBS AND S4LTS. 


(A) Esters 

Esters are the compounds formed hy the action of 
alcohols on fatty or mineral acids. The reaction 
is known as Ester:fication, which is a reversible type 
of reaction, since every ester is easily hydrolysed. 
(Read pages 71 to 72). 


Qeneral Reactions. 


R—COO 


H d- HO .R 


Fatty acid. Alcohol. 


P -COOR-FHA) 

Ester. 


XH + OH.R - 
Mineral Alcohol. 


RX + H 2 O 
Ester. 


Mote •*—In the preparation of an ester, the expert 
meat has to be so modified as to prevent the back 
reaction. This is usually done by using a condensing 
reagent, like cone : HaS 04 or fused ZnCI®, which 
is an absorbent of water Hence, water formed 
during the esterification is absorbed by the condens* 
ing reagents and the hydrolysis of ester is prevented^ 
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We shall study a few important esters :— 

1. Ethyl aeetate. 

Preparation ol ethyl acetate. 

We take a mixture of ethyl alcohol and cone : 
HaS 04 in equal volumes, into a distilling flask DF, 
fitted '^•ith a dropping funne 1, a condenser and a 
receiver as shown 
in the Fig. 34. The 
flask is heated over 
a sand hath. As the 
temperature of the 
mixture rises to 
140°C, a mixture of 
ethyl alcohol and 
glacial acetic acid 
taken in the dropp¬ 
ing iLinnel in equal 
volumes, is run 
down into the flask 
DF, at the same, 
rate,.at which ethyl Fig. 34. 

acetate distills over 

and collects into the receiver. The esters so pre¬ 
pared is impure, as it contains, ethyl alcohol, acetic 
acid, sulphurous acid and water. 


n 



Reaction. 


CH..COO 


H d-HOkC^Hg 


CHB.C00CaH5 4-H20 


Acetic acid. 


Ethyl acetate. 


Note •—Cone : HaS 04 has been used as a condense 
ing reagent to prevent the back reaction. 

Pnrlllcatlon ot ethyl acetate. 

The impure ethyl acetate is throughly shaken 
in a separating funnel with a strong solution of 



{ 165 ) 


Na 2 C 03 . The acids present therein 
are thus neutralised. On allowinj^ 
the mixture to stand, the aciueous 
salt solution, being havier than 
alcoholic ethyl acetate, forms the 
lower layer in tht> separating funnel 
as shown in the , Fig. 35. Alter the 
aqueous solution is allowed to drain 
out the alcoholic ethyl acetate, i-^ 
next treated with a strong NaCl solu¬ 
tion, which dissolves the alcohol, 
and which being havier forms the 
lower layer on standing. The liquid 
forming the lower layer is drained 
out, leaving ethyl acetate with water 
in traces. The ester is finally dehyd- Fig. ^5, 
rated with fused CaCl^ for over a night 

Properties of ethyl acetate. 

Physical, 

It is a Colourless liquid, possessing a sweet Iruity 
smell. It is in soluble in water but soluble in alcohol 
and ether. It is lighter than w'ater. 

Chemical, 

1. Action of water on ethyl acetate. 

It is hydrolised with water, giving acetic acid 
and alcohol. 

Reaction. 

CHa.COOC. 2 Hr; Ethyl acetate. 

HOH Water. 

CH3.C00H:C.2H,.0H 

Acetic acid. Ethyl alcohol. 
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2, Action of caustic soda or pfotash on the ester. 

It is decomposed with NaOH or KOH, giving 
sodixim or potassium acetate and ethyl alcohol. 

Reaction. 

CHg.COOC^H^ Ethyl acetate, 

» 

I 

Na;OH Caustic soda. 

. __ ___ _ _ _ I __ 

CHg.COONa'CoHs.OH 
Sodium lEthyl alcohol, 
acetate. 

3. Action of ammonia on the ester. 

It acts on ammonia, giving acetic acid and ethyl 
aJcoJioL 

Reaction. 

CH 3 .COOIC 2 H 5 Ethyl acetate. 

HlNUj Ammonia, 

CHg.COOHiCoHs.NHo 

Acetic acid, jhrhyl amine. 

Hydrolysis of ethyl acetate. 

Ethyl acetate when hydroiised gives acetic acid 
.and ethyl alcohol. For hydrolising ethyl acetate, we 
take 30 c.c. of ethyl acetate and 60 c.c. of caustic 
potash solution of nearly 15N strength in a flask 
fitted up with a reflex condenser as shown in Fig, 
32. (Refer to page 158). Heat the flask over a water 
bath, until the upper layer of the ester disappears, 
indicating that the ethyl acetate is completely hydro- 
Hsed into alcohol and sodium acetate. Next, the 
liquid is transfered into a simple distilling arrange,, 
ment and the alcohol is distilled. The sodium acetate 
is left in the distilling flask. The acetic acid can 
now easily be obtained from the sodium acetate, 
when it is distilled with H 2 SO 4 . 
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Esters are prepared on the principle adopted in 
the procedure for the preparation of ethyl acetate. 
Esters mostly are good solvent for organic sub^ 
stances.. Some of them are the odorous principle 
of various plants. They are, therefore, used as 
perfumes and as flavouring essences. As for exannu 
pie s— 

1. Amyl acetate. They are used as organic soL 

2. Amyl butyrate. vents and artificial fruit essences 

3. Ethyl butyrate. in sweets and cold drinks. 

4. Qlycerides. 

They are the esters of higher fatty acids (palmatic 
and stearic acids) with glycerine or glycerol which 
is the trihydroxy alcohol of propane. The vegetable 
oils, fats, waxes and butter are glycerides. They 
are the source, from which soap and glycerine or 
glycerol are commercially obtained. 

Qeneral reaction involved in the formation of 
glycerides. 

CH,.!0H -p HOOC.R UHa.OOC.R 

1 i i i 

CH. OH -f HOOC.R *= CH.OOC.R +3HaO 

i I : i 

CH.-iOH + HOOC.R CH.^.OOC.R 

Glycerine. Fatty Glyceride. 

acid. 

Notes :—(1) The glycerides are named by using “in” 
as a suffix to the name of fatty acids 
entering into the composition of gly¬ 
cerides. 

(2) The three “acid radicals” acting on the 
glycerol may be identical or difietent. 

Some ol tbe higher fattj' acids and their correspond¬ 
ing glycerides witfai their names and eonstltations 
In the following table No: 12 



Fatty acids. Glycerides. 
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Examples of glycerides are :— 

Fats, vegetable oils, batter and waxes. 

Fats are the glycerides of saturated higher fatty 
acids. Palmatin and stearin are the examples of 
fats. They are all solid at ordinary temperature 
and pressure. (Read column III, table No: 13, page 
168). 

Vegetable oils are the glycerides of unsaturated 
higher fatty acids. Olive oil (olein), linseed oil 
(linolein), and fish oil (erucin fish oil) are the 
examples of vegetable oils. They are all liquid at 
ordinary temperature. (Read column III, table No: 
13, page 169). 

Note :—Mineral oils are complex mixture of hyd¬ 
rocarbons in varying proportions. Petroleum, 
kerosene oily petroly bcnzin are the examples of mine¬ 
ral oils. (Read page 58). 

Butter is a mixture of palmatin, stearin and buta. 
Tin (glycerides of butyric acid) and a small quantity 
of water. 

Waxes are esters (not glycerides) of higher alcohols. 
Myricyl alcohol —CsoHr.j.OH or cetyl alcohol 
—CieHfls) with palmatic acid. 

Note •' Vegetable oils, being liquid glycerides of 
unsaturated fatty acids are changed into artificial 
solid fats (tnargarine), when treated with hydrogen 
gas under pressure at ZOO^'C in the presence of finely 
divided nickel, which acts as a catalyst. The process 
is commonly known as hydrogenation or hardening 
of oils. 

2. Ethyl bromide. 

It is an ester of ethyl alcohol with hydrobromic 
acid, which is a mineral acid. 
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Preparation of ethyl bromide. 

Introduce 5 grams of phosphorus and 40 c. c. of 
ethyl alcohol into a distilling flask DF fitted up with 
a dropping funnel, which contains about 10 c, c. of 
bromine. Allow the bromine to run down drop by 
drop into the distilling flask kept submerged in ice 
cold water in a basin. After the entire amount of 
the bromine , is thus carefully introduced, the flask 
is left over night, during which period the following 
reactions are completed •— 

Reactions. 

(1) P+5Br = PBrg 

(2) CoH^.OH + PBrs CaHg.Br+HBr+POBtB 

Ethyl bromide. 

The ethyl bromide so prepared is next distilled 
oyer a water bath as shown in Fig. No: 36. The 
distillate is an impure sample of ethyl bromide. 
It is purified like ethyl acetate. (Read on page 164). 



Fig. 36. 
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It is, however, to be noted that ethyl bromide, being 
heavier than water, will always form the lower layer 
in the separating funnel during its process of puri, 
ficarion. 

Properties ot etbyl bromide. 

Physical. 

It is a colourless liquid, possessing a smell like 
that of chloroform. It is in soluble in water, but 
soluble in organic solvents. It is heavier than 
water. 

Chemical, 

Its chemical properties can be studied by making 
a reference to the seven general reactions of alkyl 
halides from pages 62 to 64. 

The seven reactions of ethyl bromide are sumerised 
diagrametrically, 


tth-inr' . <1 W, - 



o 



7 
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3. Chlorolorm and lodofomi. 

Notes *—(1) They may be considered as trLchloro 
and tri-iodo derivative of methane. 
They are, howevert not usually pre. 
pared from methane. 

(2) They cannot be prepared by esteri¬ 
fication, because the tri-hydroxy 
alcohol of methane, being unstable 
is not known. Hence, chloroform 
and iodoform are not included 
amongst esters. Nevertheless, they 
may be treated as esters, since like 
esters they are hydrolised by caustic 
soda or potash. Refer to the pro¬ 
perty No: 3 of chloroform and 
iodoform in the table No; 14. 

(a) Chlorororm. 

Preparation of chloroform. 

Take a paste of 100 grams of bleaching powder 

r 3 

j with 400 c.c. of water and 25 c.c. of ethyl 

alcohol, into a litre retort fitted up with a condenser 
and a receiver as shown in the Fig. 37. The paste 



Fig, 37. 
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is first heated gently, till all the apparent reactions 
subside. Next, the temperature is gradually raised 
and distillation is continued, until heavy drops of 
chloroform cease to collect in the receiver. 

Reactions, 

/ . ciVh \oh .oh 

(1) Ca< _ =:C:< +HCIf-HC10 

^,OCi + H|OH ^OH 


(2) jHCl-hHCljC)-2HCif O(nascenf) 

( c: H g .C H .OH + O = c: HgX' HO + H .,o 

(4) H| Cl + Cl :.ho-cl,4-h./:> 

(5) C H 3 .CHO 4* 6CI« CC1 3 .C HO + 3HCI 

Chloral. 

/O HTCCII.CHO /OOC .h 

(6) Ca<; =Ca< -fiCHClg 

^O. H -f CC1 g .C HO ^OOC . H 

Calcium Chlcirofonu, 
formate. 

The chloroform so distilled is impure, the impurL 
ties being ethyl alcohol, hydrochloric acid and water. 
It is purified like ethyl bromide. (Read purification 
of ethyl bromide. 

M^notacture of cbloroform. 

It is manufactured practically in the same way, as 
it is prepared in the laboratory. Only it is econo., 
mical to use acetone instead of ethyl alcohol. 
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Reactions of acetone with bleaching (>owder paste. 

xf'Cli-HpH /OH 

(1) Ca< “T “CaC +HCI+HC10 
NoCi+HiOH ^OH 


(2) H|C1+CI iHO-Cla + HjO 

CH3V CCI3V 

(3) >C=C+6Cl2- >C=0+6HC1 

CCla'^ 

Hexachloracetone. 

.OH CClijv 

(4) CaC + >C-0=CaC0s + 2CHCl3 

^OH CCla!"^ 

Chloroform. 

Properties. 

Physical. 

It is a colourless liQuid, heavier than water, pos¬ 
sessing a pleasant smell and sweet taste. It is 
insoluble in water, but soluble in organic solvents. 
It is a solvent for iodine. 

Chemical. 

1 . It burns witli a greenish flame at a high tem¬ 
perature. 

2 . It is readily oxidised by atmospheric oxygen, 
even if exposed to light. 


Reaction. 


\c/ + 

Cl^ '^Cl 

Chloroform. 


0-HGl+0«C<; 

^C 1 

Carbonyl chloride. 
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Note •—The carbonyl chloride or phosgene so 
produced is fatally poisonous. A sample of chloro¬ 
form exposed to air or oxygen should not, therefore, 
be administered to a patient for surgical operation. 

3. It is decomposed by caustic soda or potash, 
forming sodium chloride and orthoformic acid, the 
latter of which decomposes, yielding formic acid. 
This acid reacts on the excess of NaOH or KOH 
forming sodium or potassium formate. 

Reactions. 

yCA rNaOH yOH 

(1) t NaOH = H CfOH +3NaCl 

\Ci t- NaOH \OH 

Chloroform. Orthoformic acid. 

/(3H 

(2) H—O^OH = H.COOH-fHaO 

X)H Formic acid. 


(3) H.CO 'I'i rOHjNn = H.C00Na+H,0 

Sodium formate. 

4. Its vapour, if inhaled, produces unconscious, 
ness on account of which, it is used as an anaesthetic 
in surgical oi^erations. 

Notes :—(1) Chloroform for surgical purposes is 
sold in blue or brown glass bulbs, 
drawn out to a sealed jet, to minimise 
the chances for oxidation. 

(2) A sample of chloroform, exposed to the 
action of atmospheric oxygen, contains 
phosgene and hydrochloric acid, the 



( 177 ) 


latter of which* being a strong electro, 
lyte*^ ionises* introducing chlorine ions 
(CIT which combine with silver Ion® 
(Ag*^ from silver nitrate solution form* 
ing silver chloride* which is soluble In 
dilute ammonia. A pure sample of 
chloroform, being a non.electroIytc,^ 
fails to give a precipitate of AgCl 
with AgNO^ solution. 

*Fot electrolytes and noiuelectrolytes read uj>pendix 
on elecirovalency. 

Iodoform. 

Preparation of iodoform. 

Take 4 grams of crystalline 
NaiCOfl dissolved in 20 c. r. of 
water along with 2 c. c, of ethyl 
alcohol in a beaker, in which a 
thermometer is suspended. The 
solution in the beaker is heated 
over a water bath, as shown in 
Fig. NoJ 38. Two grams of iodine 
are next gradually added to the 
solution, with constant stirring. 

The solution is heated at a cons¬ 
tant temperature of 70’C, till the 
solution becomes colourless and 
yellow crystalls of iodoform appear 
giving out its characteristic smell. 


Reaction. [Read page 98]. 

Fig. 38. 

Notes : —(1) Acetone also like ethyl alcohol yields 
iodoform crystalls with iodine and 
sodium carbonate solution. 

(2) Acetone unlike ethyl alcohol yields iodo¬ 
form crystalls with iodine even in the 
presence of ammonia. [Read page 99], 
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■annfactDre of Iodoform. 


It is manufactured hj 
the electrolysis of an 
alcoholic potassium io* 
dide solution in an elec* 
tfolytic cell, as shown in 
Fig. No: 39. The alcoho* 
lie solution of K1 is 
introduced through the 
inlet tube Ti, into the 
electrolytic cell. As the 
Current is switched on 
metallic potassium is 
liberated at the cathode, 
where it decomposes 
water and forms KOH 
and hydrogen gas. The 








.1 1 1 









Fig. 39. 

_,__ _ iodine is liberated at the 

anode, where it acts on water forming a mixture of 
HI and HIO, the latter of which liberates oxygen, 
which oxidises the alcohol to acetaldehyde. As the 
stirrer S is made to churn the hquid in the cell, 
the acetaldehyde so obtained is changed ultimately 
into iodoform, the crystals of which are drained 
out through the outlet tube T^. For reactions, 
read page 98. 


Properties. 

Physical, 

It is a crystalline solid, possessing yellow colour, 
a disagreeable and characteristic smell. If is insolu* 
ble in water, bur soluble in alcohol. 

Chemical, 

.It is inflamable, like chloroform, it is also deconu 
posed by caustic soda or potash forming sodium 
iodide and orthoformic acid, the latter of which is 
decomposed forming water and formic acid. The 
formic acid is neutralised by the caustic and forms 
sodium formate. 
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Reactions. 


yl+Na.OH .OH 

(1) H—C^I + Na.OH=H -C:^OH+3NaI 
M-fNa.OH \OH 

Iodoform. Orthoformic acid. 


.OH 

(2) H—CC'OH « H.COOH + H^O 
\OH 

Formic icid 

(4) II is poisonous and germicidal. Hence, it is 
used as an antiseptic to cover up wounds 


(B) Salt 

A soap is a sodium or potassium salt of higher 
fatty acids. It is obtained by the decomposition of 
tats and oils (glycerides of higher fatty acids) with 
an alkali solution, which is commercially knciwn 
as ‘ lye”. 


Qeneral Reaction 


CH .OOC.R + NaOH 

CH .OOC.R+NaOH 

CH 2 .OOC.R 4 NaOH 
Oils or fats. 


CH..OH 

- CH OH -iR.COONa 
Three mole- 
CHa.OH culesofsoap. 

Glycerine. 


The process of decomposition of glycerides of 
higher fatty acids—oils and fats—with an alkali 
solution resulting m the formation of glycerine 
la trihydroxy alcohol of propane [CH^.OH. CH.OH. 
CHs.OH] and soap, is known as saponification. 
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flanofaetare of soap 

A melt of fats and oils is run down the inlet 
cube into a saponifying tank along with 10% “lye” 
which IS nearly double the amount of the melt* 
Steam is passed through i copper worm into the mix¬ 
ture for about 6 to 
8 hours for saponu 
fying the fats and 
oils into soap and 
glycerinei both of 
which are soluble 
A solution of so^ 
dium chloride I'i 
next added througn 
the inlet tube. Soap 
being insoluble in 
salt water, IS preL.u pf - 
nirated and floats on t L VC 

the surface of rhe ^ ' 

'^spent lye”. The — 

process of precipita. 

ting soap with com- S iponifyinp tank, 

mon salt solution is Fig, 40. 

known as salt ng out )f ttic soap. The “spent lye” 
containin ' glycerine is driined out through the outlet 
tube T, as shown in i ig 40. The soap thus left in 
the t ink is once more treaied with fresh “lye” for 
effecting complete sap(>nifiLition. The soip is re- 
prCLipitited by aalting out. 

The “spent lye” collected after suct.essive saponi¬ 
fication IS used as a source tor the manufacture of 
glycerine de>cribed liter 

Soap, obtained after final salting out is next 
washed carefully to remove the excels of alkali and 
salt. Soap free from alkali is hardened, coloured, 
perfumed, cut to the size and stamped into tablets. 

Hard and soft soap are manfactured by saponL 
fying the fats and oils with caustic soda and potash 
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V 


respectively. Castile soap is a hard soap manufac# 
tured from olive oil. Transparent soap is ordinary 
rosin soap, from which solid suspended impurities 
are removed by dissolving out rosin soap in alcohol* 
The clear alcoholic soap solution is run into bar 
moulds. As the alcohol is distilled off, solid bars of 
transparent soap are obtained. These bars are cut 
to proper size and stamped into tablets. 

Importance of some of the salts of lower fatty 
acids, 

1. Sodium formate :—On dijtillation, it gives sodium 

oxalate and hydrogen. 


H.COONa COONa 

= i -HH 

H.COONa COONa 

Sodium formate. Sodium oxalate. 


2. Sodium acetate - On distillation with caustic 

soda or potash, it gives, me;, 
thane. [Read page 47]. This 
reaction is helpful in going 
down the senes, discussed 
later. 

3. Cttlcium formate-—On distillation, it yields for. 

maldehyde. [Read page 104], 

4. Calciumlacetate On distillation, it yields ace# 

tone, [Read page 105]. A 
mixture of calcium salt of a 
fatty acid and calcium formate 
on distillation, gives an aide# 
hyde, other than formaldehyde 
[Read page 104]. * 
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|5. Potassium cyanide :—On treatment with an alkyl 

halide, it yields, an alkyl 
cyanide, I Head page 63 ], 
This reaction is helpful in 
going up the series discussed 
later. 

6 . Ammonium salt of :—On strongly heating or de.. 
a fatty acid. hydrating it, we get an 

amide at first and ultimately 
an alkyl cyanide. 

(1) R.COONH 4 R.CO.NH^ + H^O 

Ammonium Amide, 

salt of a fatty 
acid, 

<2) R -CO.NH • R—CN+H^O 

Amide. Alkyl cyanide. 



Salts and Esters eotnpared to a tabnlar fora 

Table No: 14. 
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CHAPTER IX. 


[This» chapter is devoted to the study of amides, 
cyanides, aminest acid chlorides, acid anhydrides and 
ether. Only typical members of these families will 
he considered]. 

Amides. 

Qeneral formula RXO.NB 2 . 

Qroup radical :—[ —CO—NH* ]. 


Qeneral reaction for the preparation of amides* 


heated 

R.COO.NH; R.C0.NH8 + H?0 

Ammonium Amide, 

salt of a fatty 
acid. 


Typical amide, 

Acetamide CO—NBy. 

It may be prepared by any of 
the two following methods •*— 

Preparation. 

(1) A mixture of 25 grams 
of ammonium acetate and the 
same weight of glacial acetic acid 
Is heated in rhe flask Fi as shown 
in Fig. 41, till a few drops of free 
water and acetic acid begin to 
distill over. The distillation Is 
continued for about Z hours and 
the distillate collected in B is 
water and some acetic acid. The 
ammonium acetate decomposes. 



Fig. 41. 
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Reaction, 

CH8.CCX)NH4 CH8.CO.NHo4 HoO 

Ammonium Acetamide, 

acetate. 

The residuet which is lett in in the flask consists 
of acetamide and acetic acid, the mixture is next 
transferred into a distilling flask (fltted up with a 



Fig. 42. 

th ermometer and a long air condenser) Fig. 42 and 
distilled. The distillate collecting at obout 230°C 
solidifies as acetamide in the receiver. 

(2) Methyl acetate is dissolved in the same 
volume of strong ammonium hydroxide. The reac^ 
tion between methyl acetate and strong ammonia 
is very slow. Hence, the mixture is allowed to stand 
for a couple of days and then it is fractionally disu 
tilled. 

Reaction, 

CH,.CO'O.CHg + hInHs -+ CH3.CO.NH.+CHs.Ott 
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iPropertles. 

Physical, 

It is a colourless crystalline solid, smelling like 
mice. It IS soluble in water and also in organic 
solvents. 

Chemical, 

H) Action of water on acetamide. 

CH^.CO.NH, hHjO CH^.COONHf 

Acetamide. Ammonium acetate. 

(2) Action of ethyl alcohol on acetamide, 

CHa.CO NH.> ^ C H .OH CH ,.COOH+C,Hft.NH» 

Acetic acid. Ethyl 
amine. 

(3) Acemn of caustic soda or potash. '' 

CH CO NH 4-NpOH->CH..COON a-^NH 8 

Sodium acetate. 

(4) Action of phosphorm penta-oxide P 2 O 5 . 

CHj.CO.NH^ 1 CH^.CN-rH.O+PaOfi 

Acetamide* Methyl cyanide. 

(5) Hofmann*s Reaction. 

It IS the treatment of bromine and caustic soda 
or potash on acetamide. The rea*-tion proceeds in 
three stages : - 

( 1 ) CH j.CO.NH^ f-Br^ CH,.CO.NHBr + HBr 

Acetamide. Monobromo acetamide. 

( 2 ) CH 3 .CO. NHIBr Monobromo acetamide. 


Na IH J molecules of 
NaO H i caustic soda. 

I 

4 

CH»*NHa + NaiCOa + HBr. 

Methyl amine. 
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(3) 2HBr + 2NaOH 2NaBr+2HaO 

Note •*—Hofmann’s reaction is used in the con#- 
version of an amide into an amine having one 
jef carbon less than that present in a molecule of an 
amide. Hence, this reaction is helpful in going down 
the series, as we shall see it later. 

Cyanides or Nitrlls. 

Qeneral formula — R-~CN , 

Qroup rad cal •—I i N J. 

Qeneral reaction for the preparation of cyanides. 

(1) Action of an alkyl halide on KQN. 

R-X 4 KCN - R.CN + KX 

(2) Action of P^Os on an am’de 
R~CO.NH, + P^Or - U CN-fH,0 + Pa0« 
Amide. 

Typical cyanide. 

Methyl c>anlde:—CH - CN. 

Preparation. 

It can be prepared bv any (4 the general methods. 

Properties. 

Physical. 

It is a colourless liquid, possessing ethereal smell, 
it is soluble in water and in organic solvents. 

Chemical. 

(1) On hydrolysis, it yields acetic acid and 
ammonia. 

CHa.CN4-2H20 CH..COOH + NH3 

Methyl cyanide. Acetic acid. 

(2) On reduction, it yields ethyl amine. 

CHb.cn44H CHB.CH..NH 2 

Methyl cyanide. Ethyl amine. 
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Note I—Alkyl cyanides or nitrils are the com^ 
pounds, in which the “alkyl** proup is attached to a 
nitrogen atom through a carbon atom. An alkyl 
cyanide has an isomer, in which the alkyl is attached 
to a carbon at^m through a n trogen atom, as for 
example R—N = C. This isomer of a cyanide or 
nitril is known as iso^cyanide or iso.mtril or carha* 
mine or carbylamine. 

Preparation ol alkyl iso-cyanide. 

It is prepared bv the action of chloroform on a 
primary amine (R — NH,) in the pre-encc of caustic 
potash. 

/ H Cl X, X ” 

R + C + i KOH- R-Ns C + 3KCL+3HP 

H ^ Cl tsocif^nide 

■A mint Choroform 

Note :—This reaction is also used as a sensitive 
test for chloroform and also for a primary amine. 

Properties ot Iso alkyl cyanide. 

Physical, 

It is a poisonous and colourless heavy liquid, 
possessing in abnoxious smell. 

Chemical, 

(1) On hydrolysis, it gives a primary amine and 
formic acid, 

R--N = C + 2H^O R-NHa ^H.COOH 

Primary Formic acid, 
amine. 

(2) On reduction, it gives a mixed secondary 
amine. 

R—N1C+4H R-NH-CH, 

Methyl alkyl amine. 

(Mixed secondary amine). 
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Amides, 

General formula :--B—-NH 2 ; 

Group radical “NH 2 

General reactions for the preparation of an amine* 

<1) Action on an alkyl halide on ammonia, 

R-X-hH.NHa R.NH2 + HX 

I 

(2) Hofmann*s reaction, 

R.CO.NH3-fBr2 + 4 NaOH “^R.NH.+Na CO3 

Amide. Amine. -l-ZNaBr-hZHaO 

Typical amine. 

Methyl amine CH 3 

Preparation. 

Twenty five grams of perfectly dry acetamide with 
a liitic less amount of bromine is taken in a flask F, 
kept cool by immersing 
it in cold water. The 
flask F is fitted up with 
a dropping funnel D 
and a delivery bent 
tube connected with a 
receiver, containing 
dilute HCl, as shown 
in Fig. 43. About 300 
c. c. of a dilute solu. 
tion of KOH (12% com 
centration) isintrodm 
ted into the flask F 
from the dropping 
funnel D a little by 
little, shaking well > 
after each addition, 
till the solution takes 

a golden yellow colour. Next a stronger KOH solu. 
tion is introduced through the dropping funnel. The 
jiiciuid is carefully heated at constant temperature of 


!1 


- St) 
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70^C for about 30 minutes, after which the liquid is 
distilled. Methyl amine is evolved in the gaseous 
form and is absorbed in HCl contained in the tecei* 
ver. As the acid is evaporated over a water bath, 
a white residue of methyl amine hydrochloride is 
obtained in the evaporating basin. 

Reaction, [Refer to Hofmann^s reaction page 186]. 

Properties. 

Physical, 

Methyl amine is a colourless gas, smelling like 
ammonia, soluble in water, but u is heavier than 
air 


Chemical, 

( 1 ) Methyl amine burns in air with a yellow 
flame. (Distinction from ammonia) 

(2) If IS more strongly alkaline than ammonia 
and forms salts with ncids as ammonia does. 

CHuNHi-lHCl = CH .NH 3 CI 

Methyl ammonium 
chlorice 

(3) Its solution in water precipit ites bases as hy^ 
droxides from the solution of salts Methyl amine 
in solution, thereloie, c.oniains a hydr*.>xyl group. 

CHo.NHa + HaO - CH .NH OH 

Methyl ammonium 
hydroxide 

(4) Action of nitrous acid 

CHq|N (Ha Methyl amine. 

OHIn |0 Nitro US acid. 

CH^.OHlNi iH O 

Methyl 

alcohol 
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(5) Action of chloroform and caustic potash. 

Carbyl amine reaction (paj?e 188), is used as a test 
for primary amines and also for chloroform. 


General study of primary, secondary and tertiary 

•nines 


Primary, secondary and tertiary amines may be 
Considered as mono, di or tri “alkyl** derivatives of 
ammonia. 


NH 


Ammonia. 


Primary 

amine. 


N;^R M 

\h 

Secondary Tertiary 
amine. amine. 



Note Methyl amine, already considered in detail 
is a typical primary amine. 


Preparation of secondary and tertiary amines. 

Secondary and tertiary amines are generally 
obtained along with primary, when an alkyl halide 
is treated with ammonia. 

(1) RX+H.NH, * HX 1 R--NH, 

Primary amine. 

Hv Rv 

(2) 2RX-f >NH - 2HX+ >NH 

Secondary amine. 

H R 

(3) 3RX + H^N = 3HX+R^N 

h/ r/ 

Tertiary amine. 

The three amines are, however, separated by 
Hinsberg’s experiment. [Read bottom page 192], 
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Disfinetfon betweeD primary, secondary and ter¬ 
tiary amines. 

{a) Primary amines on treatment with dil. H^SO* 
and NaNOj from an alcohol and evolve nitrogen 
gas. 


Retictions. [Refer to page 69], 


(b) Secondary amines similarly treated produce an 
oily yellow Nuostance known as nicroso. 4 imine. 


1 

>N IH ^ OH .NO 


R 

'>N -N0+H,0 
R' 

Nitrosoamine. 


The nitro'ioanane so produced is next treated 
with cone. H 2 SO 4 and phenol (CeH^.OH). The 
product IS diluted immensely and the dilute solution 
on being made alkaline gives a deep blue or violpt 
Coloration. This is a sensitive test for primary amines 
or for phenol. This sensitive test is known as 
Liebermann*s nitroso test * 

(c) Tertiary ammes do not act on nitrous acid. 

Carhylamine test. 

Only primary amines and also chloroform res, 
pond to this test. [Refer to page 188J. 

Note —Secondary and tertiary amines are with.- 
out any action on chloroform and caustic potash. 

Seperation of primary, secondary and tertiary 
amines from a mixture of all the three 

. This separation is done effectively by Hinsberg’s 
experiment, which is performed as noted :— 

Take the mixture of the three amines and add to 
it benzene sulphonyl chloride, which acts only on 
the primary and secondary amines forming sulpho¬ 
nyl derivatives. The tertiary amine does not act 
on benzene sulphonyl chloride. 
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Reoctiofu. 


<fl) C,H,.SO, .■Cl+Hi.NH.R-»C*H,.SO».NH.R+HCl 

Benzene sulpho- P. Amine. Sulphonyl derivative 
nyl chloride. of primary amine. 

yK yR 

ih) CeH5.SOa.Cl + H,N<' CeHe.SOg.NC 4-HCl . 

S. amine. Sulphonyl derivative 
of secondary amine. 


We now thus have a mixture of sulphonyl deru 
vative of primary amine, and that of the secondary 
amine along with the original tertiary amine. This 
mixture is next treated with an aqueous solution 
of caustic potash and we get the potassium sulphonyl 
derivative of the primary amine, which is very 
soluble in water. CoH^.SO^.NH.R-hK.OH CoH^. 
S0a.NK.R + H:.0, The sulphonyl derivative of the 
secondary amine and the original tertiary amine are 
insoluble in water but are soluble in ether. The 
mixture is transfered to a separating funnel and well 
agitated with ether. On standing, the aqueous solu, 
tion of potassium sulphonyl derivative of primary 
amine separates out and forms the lower layer. 
Ihe upper layer is the ethereal solution of sulphonyl 
secondaiy amine and of the original tertiary amine. 
On opening the top of the separating funnel, the 
two layers are separated. 

' The aqueous layer is hydrolised by dilute hydro¬ 
chloric acid and we get the sulphonyl derivative of 
primary amine. The solution is next boiled with 
cone : HCl and finally distilled with caustic potash. 
The distillation product is the primary amine. 

13 
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Reactions. 

(a) R.NK.SO^.CeHs+HCl R.NH.SO^.CeHg+KCl 

(b) R.NH.SO,.C6Ha+HCl->R.NH2 + C6H6.SOa.Cl 

Primary amine. 

(c) R—NHa+cona : HCl R-NHa.HCl 

Primary amine 
hydrochloride. 

(d) R—NH 2 .HCi 4 -K.OH R-NH4J-KCl4-HaO 

Primary amine. 


The tertiary amine is separated by subjecting the 
ethereal solution to fraction il distillation and the 
sulphonyl secondary amine is next converted into 
the secondary amine by the usual method just 
described. 


Reactions^ 



yN.SO^.C^Hft 4 cone 

Sulphonyl 
secondary amine. 


HCl-^ >NH.HCl 

R/^CaH5.S02.Cl 
Secondary amine 
hydrochloride. 


(b) ^NH.HCl+KOH 

r/ 


>NH.+KC1+H,0 
Secondary amine. 


Add Chloride. 

Qeneral formula •*—8—CO—Cl. 

Group radical : —C—CO—Cl ]. 

General reaction for the preparation of acid chlom 
fide. 

R-COOH4-PX5 » R.CO.Cl+HX+POXa 
Typical acid chloride. 

Acetyl chloride CII8C0.C1. 
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Preparatfott. 

Fit up an apparatus as shown in Fig, 36, page 171. 
Introduce 40 grams of perfectly anhydrous acetic 
acid into the flask DF and 30 grams of phosphorus 
i:^nta.chloride in the dropping funnel. Add PC1« a 
little by little into the flask and allow it to stand tor 
an hour or so. The acetyl chloride is next distilled 
over water bath and collected into a receiver pro¬ 
vided with an absorption tube containing soda lime. 

CH.,.COOH-i-PCl5 = CHs.CO.Cl bHCl+POCU 

Acetyl chloride. 

Properties. 

Physical, 

Acetyl chloride is a volatle, colourless and fum¬ 
ing liquid, possessing an irritating odour. It is 
heavier than water. 

Chemical, 

(1) Action of water. 

CHa.CO.|Cl+H,.OH = CH3.COOH + HCI 

Acetyl chloride. Acetic acid. 

(2) Action of ammonia. 

CHs.CoJcI+hI.NH, = CHa.CO.NHa+HCl 

_ ■ — ! 

Acetamide, 

(3) Action of ethyl alcohol. 

CHs.CO.|ci +h] O.CaHg *CHa.COOCjH,+HCI 

Ethyl acetate. 

(4) Action of aniline (CeHa.NHa)—^!! aromatic 
amino compound. 
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CH,.CO.Cl+ H.N.CuH. -CH8.CO.HN.CeH,4 HCI 

Acetanilide. 


(5) Action of Sodium acetate. 


CHs.CO.Cl + Na OOC.CHs 


CHa.COv 

>0+NaCl 

CHa.CO^ 

Acetic anhydride. 


Acid Aobydrlde. 


B.C0v 

General formula :— yO ; 


Group radical ■— 



General reaction for their preparation. 

Acid anhydrides are prepared by the action of an 
acid chloride on sodium salt of a fatty acid. 

R.COv 

R.CO.Cl + NaOOC.R =» >0 + NaCl 

R.CO^ 

Acid Sodium salt Acid anhydride, 
chloride, of a fatty 
acid. 


Typical acid anhydride. 

CHa.COv 

Acetic anhydride ^9. 

CBa.CO^ 

Preparation. 

Sixty grams of fused sodium acetate are taken in 
a distilling flask DF, fitted up with a dropping funnel 
and a receiver, which is provided with an absorption 
tube, containing sqda lime, as shown in Fig. 36, page 
171 About 50 grams of acetyl chloride arc next 
sun down the dropping funnel, a little by little into 
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the flask DF kept submerged in cold water. After* 
wards, the flask is heated over oil bath, and acetic 
anhydride is collected at about 145°C in the receiver* 

Properties. 

Physical, 

Acetic anhydride is a colourless liquid, possessing 
a strong penetrating smell. Ic is heavier than water* 

I 


Chemical, 

(1) Action of water. 

CHa.CO. 

>0+H.0H - 2 CH 3 .COOH 
CHh.CO^ 

Acetic anydride. Acetic acid. 

(2) Action of ethyl alcohol. 


CH,.CO. 

>0+0H.C2H5 

CHg.CO'^ 

Acetic anhydride. 


= CHs.CCXDCaHs 

+CH8.COOH 
Ethyl Acetic acid* 
acetate. 


(3) Action of ammonia. 

CH CO 

"^0 + H.NH. 2 =CH 3 .CO.NH^+CHsCOOH 

CHa.CO/ 

Acetamide. Acetic acid 


Ether. 

Qeneral formula :—8—0—8 ; 

Group radical : —[—0—]. 

Note :~-Simple ethers have both the alkyls identicalf 
whereas, mixed ethers have both the alkyls 
different, 

Qeneral reaction for their preparation, 

(a) R-OH+H.HSO4 « R—HSO4+H2O 



( 198 ) 


{b) R—HSO 4 +H.OR « R~0—R+HaS04 

Alcohol. Ether (simple). 

Typical ether, 

fil*ethyl ether CaHj—0—CaHg. 


Preparation. 


Fit up an apparatus as shown in Fig. 44. Place 


150 c. c. of ethyl 
alcohol into the flask 
DF. Add to it about 
80 c. c. of strong 
H^S 04 , a little by 
little, shaking well 
after each addition. 
Take about 100 c, c, 
of ethyl alcohol in 
the dropping funnel. 
Heat the flask over 
a sand bath, till the 
thermometer records 
145 C, Allow ethyl 
alcohol to run down 
the dropping funnel, 



Fig. 44. 


a little by little at such a rate as the temperature 
remains contant at 145°C, at which ether condenses 


and cc»llecrs (along with water, sulphurous acid and 
alcohol) into the receiver R which is cooled by cold 
water. It is purified in a separating funnel in the 
usual way. 


Properlieji 

. Physical, 

Dbethyl ether is a colourless liquid, possessing 
a pleasant smell, which is so characteristic of itself. 
It is slightly soluble in water, but miscible in alcohol. 
It is a very volatile liquid* and is much lighter than 
water. 
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Chemical. 

( 1 ) DLethyl ether is chemically very inactive. 

Note .' --It is an isomer of butyl alcohol* 

C 4 H 9 —OH Butyl alcohol. 

C 2 H 5 —O—C 2 H 5 DLthyl ether. 

But since, dLethyl ether has no “hydroxyl group” 
in its Constitution, it shows none of the chemical 
activities of an alcohol. 

(2) DLethyl ether, however, reacts with phos^ 
phorus pentaxhloride. 

C,H 5 - 0 -C,H 5 -HPC 1 « = ZC.Ha.Cl-hPOCla 

DLethyl ether. Ethyl chloriJe. 

(3) DLethyl ether ib decomposed by hydroiodic 
acid. 

C^Hs —O— C.^ll^ DLethyl eiher. 

( Two molec uies of HI. 

1 H ) 

C,H,.I H,0 

(4) Duetliyl ciher i*, liighly inflammable and it 
forms ail explosive mixture with air or oxygen. 

Note •--Ether being highly inflammable, great 
care sliould be taken, tliat rlie vapour of etiier may 
nor come in contact with a naked flame. 

It IS therefore, ad visible to use in its preparation, 

(a) a long condenser, 

(b) all air tight connections, 

(c) an asbestose sheet between the flame and the 
receiver, as shown in Tig. 44. 

Uses oT ether 

Ether is used as a solvent for cellulose nitrate, 
alkaloids and many other organic compounds. It is 
used in a number of manufacturing processes, such 
as (a) preparation of collodion (b) explosives (c) 
artlflcial silk. Mixed with chloroform, it is used 
also as an anaesthetic. 
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Some of the fteneral reactions belpfol In the con- 
version of a compound into a member (having the 
same number of carbon atoms) of a different family. 

Cla 

(1) R—H R-Cl+HCl 

Hydrocarbon. (Page 51 at the bottom). 

NaOH (Aqua) 

(2) R—Cl R—OH + NaCl 

Alkyl chloride. Alcohol. (Page 62) 

NaOH (Alco) 

(3) R—Cl Unsaturated hydrocarbon. 

Alkyl chloride. (Page 62 at the bottom). 

NH, 

(4) R-Cl R—NHj + HCl (Page 63) 

Amine. 

OH.NO 

(5) R-NH, R~OH 4* Na HaO (Page 69) 

Alcohol, 

2H,0 

( 6 ) R—CN R—COOH + NH, (Page 148) 

Fatty acid. 

4H 

(7) R- CN R-CHa.NHa (Page 148) 

Amine. 

2 Hl 

( 8 ) R -OH R—HfHO + I, (Page 73) 

Hydrocarbon. 

O # 

(9) R.CHa.OH R.CHO + HaO (Page 84) 

Aldehyde. 

O 

(10) R.CHO R.COOH 

Rv O R. 

(11) >C(OH) >C=*04-Ha0 

Ketone. 


(Page 86) 
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Some of the general reaetlons helpful darlDjf the 
fODverslon of a eomooDDd Into a hfifher member 
{having more number of carbon atoms) of the same or 
of a different family. 

1. R-C14-KCN R.CN+KCl (Page 63)' 
Alkyl Potassium Alkyl 

chloride, cyanide. cyanide. 

2. R.,C1 Nai 

+ R-R+2NaCl (Page 49) 

R.IC1 Nal 


bJotes * —1. The reaction No: 1, gives an alkyl cyju 
nide, having one carbon atom more 
than that present in the alkyl chloride, 
whereas the reaction Nos 2, changes a 
lower alkyl chloride into a higher mem# 
ber of the hydrocarbon. 

2. Any one of these two reactions, shall, 
have to be used at a suitable stage during 
the course of going up the series. 


Some of the tteneral reactions helpfol dDrind the 
conversion of a compound into a iower member 
(having lesser number of carbon atoms) of the same or 
of a different family 


(1) R.| 


COONa 


Sodium salt of a fatty acid. 


H 


PNa 


Caustic soda 


R—H 
Hydrocar* 
bon. 


NaaCOs 


I Refer to page 46). 


(2) R—CO.NHa treated with bromine and caua. 
tic potash. [Hofmann's reaction page 186]. 
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(a) R.CO.NHa+Br2 « R-CO.NHBr+HBr 

Amide^ Monobromoamide* 

(b) R.!CO.!NH^ri 

K « ’ = R—NHa + KaCO, + HBr 

I I Amine. 

lOK I iH j 

Notes • —1. The reaction No- 1, gives a hydrocarbon, 
having one carbon atom less than that 
present m the salt of a fatty acid, where# 
as the reaction No- 2 changes a higher 
amide into a lower member of an 
amine. 

2. Any one of these two reactions shall 
have to he used suitably during the 
course of going down the series. 

Sotoe lilQstt attons ot going up and down tiie series. 

(1) Conversion of methane into ethane and vice 
versa 

Qoing ul? the series. 

2C1, 2Na 

2CHt -> 2 CH 3 .CI CjH,. 

Methane. Methyl Ethane, 

chloride. 

(An alternative method). 

2 Cl, KCN 4 H 

CH4 CH.,.C 1 -> CH3.CN CH3.CH2.NHa 

Methane. Methyl Methyl Ethyl amine, 

chloride. cyanide. 

OH.NO 2HI 

CHa.CH,.OH CaHe 

Ethyl alcohol. Ethane. 
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Qoing down the series, 

Cla NaOH (Aqua) O 

CaHe- CaHg.Cl C2H5.OH *-♦ 

Ethane. Ethyl chloride. Ethyl alcohol* 

O NaOH NaOH 

CH3.CHO -4 CH3.COOH CHg.COONa 

Acetaldehyde. Acetic acid. Sodium acetate. 

CH4 

Methane. 

(An alternative method), 

CI2 NaOH (Aqua) O 

C^Ho C^HsCl C,H5*0H -► 

Bthane. Ethyl Ethyl alcohol, 

chloride. 

O NHg heated 

CH3.CHO CI-H,COOH CH3.COONH4 

Acetaldehyde, Acetic acid. Ammonium 

acetate. 


Br. KOH OH.NO 2 Hl 

CH3.CONH2 -> CH.J.NH, CHa.OH 

Acetamide, Methyl Methyl 

* andne, alcohol. 

CH, 

Methane. 


(2) Conversion of ntethyl alcohol into ethyl 
alcohol and vice versa. 


Qoing up the series. 

2PC1, Na 

2 CH 3 .OH 2 CH 3 .CI 

Methyl Methyl 

alcohol. chloride. 


CI2 ^ 

C,H 8 C 2 H 5 .CI 

Ethane, Ethyl 

chloride 


NaOH 

-► CaHfi.OH. 

Ethyl alcohol. 

(An alternative method*) 
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PCI, KCN 4H 

CHs.OH CHs.Cl CH,.CN CH,.CH 2 .NH 2 

Methyl Methyl Methyl Hthyl 

alcohol. chloride, cyanide. amine. 


OH*NO 

CaHff.OH 
Ethyl alcohol. 

Going down the series, 

O O NaOH 

C2H5.OH CHs.CHO - CH3.COOH 

Ethyl Acetaldehyde. Acetic acid, 

alcohol. 


NaOH CI 2 NaOH (Aqua) 

CHa.COONa CH 4 CH .Cl 

Sodium acetate. Methane, Methyl chloride. 


CH3.OH 
Methyl alcohol. 


(An alternative method). 


O O NHfi 

CaHs.OH -> CH,.CHO CH.,COOH 
Ethyl Acetaldehyde. Acetic acid, 

alcohol. 

heat Bfa KOH 

CH3COONH4 CH3.CO.NH2 CHn.NHa 

Ammonium Acetamide. Methyl 

acetate. amine. 

OH.NO 

CH3.OH 
Methyl alcohol. 

(3) Conversion of ethane into acetone and vice 
veria. 

Going up the series. 

Cla NaOH (Aqua) O 

CaHe C 2 H 5 .CI CiHj.OH **> 

Ethane. Ethyl chloride. Ethyl alcohol* 
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O Ca(OH), 

CH„CHO -» CH..CX)OH -► 

Acetaldehyde. Acetic acid. 

CH».CCX)>. heat CHgv 

>Ca -* >C-0 

CHg.COO/ CH,' 

Calcium acetate. Acetone, 


Qoins down the strict, 

2 H 2KI 

CH».CO.CHs -♦ CH„.CH(OH).CH, -* CH,.CH*.CH, 
Acetone. Secondary propyl Propane 

alcohol. 


Cl« NaOH (Aqua) 

-♦ CH,.CHa.CH».Cl -* CH,.CHa.CHipH 
Propyl chloride. Primary propyl 

alcohol. 


Q O NaOH 

CHs.CH2.CHO -► CHa.CHa.COOH 

Propaldehyde Propionic acid. 

NaOH 

CHs.CH2.COONa CH^CHa 

Sodium propionate. Ethane. 


(4) Conversion of formic acid into oxalic acid 
and vice versa, 

Qoing up the series, 

.NaOH heat 

2H.COOH 2H.COONa 

Formic Sodium 

acid. formate. 


H,S04 

COONa COOH 


Qoin^ down the senes* 

COOH Glycerine H.COOH 
I Formic acid. 

COOH 
Oxalic acid* 


COONa 

Sodium 

oxalate. 


COOH 

Oxalic 

acid. 


[Read page 154]. 



CHAPTER X. 


Besides the monohydroxy alcohols and their oxi. 
dation products discussed in the proceeding chapters, 
there are also di to hexa hydroxy alcohols* These 
are called polyhydric alcohols. On oxidation, they 
are able to give the corresponding aldehydes and 
polycarboxylic acids. This chapter will be devoted 
to the study of a few of the polyhydric alcohols, 
dicarboxylic acids and monohydroxy monocarboxy, 
lie or dicarboxylic acids as well as a dihydroxy, 
dicarboxylic acid. This chapter will also Consider 
urea (carbamide), la dLamide of carbonic acid] and 
protiens. 



Polyhydric alcohols. 

Polyhydric alcohols 

1 


’o (CHzDH 

. fckoH 

'CHj.OH 

M 1 1 

8 |CH,.OH 

0 1 

i CH.OH 

i, CH.OH 

cd 1 

^ i 

S' 1 

X ^ Glycol, 

® CH 2 .OH 

•73 1 CH.OH 

2 and 


s-l 1 

Others. 

2 Glycerol 

g 1 CH.OH 

-d 

'S or 

1 

Q L 

tS Glycerine, 

& CH.OH 

1 and Others. 

L 

t. Dlhydroxy alcohol 

« i 

d CH 2 . 0 H 

x 

Mannitol 

or 

^ Hexoses. 


CH 2 .OH 

ck-oH 

Glycol. 
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Preparation. 

Glycoi is prepared by reactions similar to those 
used in the preparation of monohydroxy alcohols* 
[Refer to pages 68 and 69], 

Properties. 

Physical. 

Glycol is a colourless and odourless thick liquid, 
possessing sweet taste. It is soluble in water and 
alcohol; but dissolves with difficulty in ether. 


Chemical. 

Glycol resembles monohydroxy alcohols in all the 
properties, in which the reactions of hydroxyl group 
(—OH) are involved. [Read pages 70 to 78], Since, 
glycol contains two (—^OH) groups, the reactions 
will proceed in two stages. Again, since, glycol has 
two primary alcoholic groups, it yields five oxidation 
products, as indicated in the following scheme •— 


CH-OH ^ CHO ^ CHO 

j o ^ I o I 

CH^^H C O H C H ^ 

Gii/co! (})6li^cofl/c ^G/ifoxa! CO OH 

Afdehifde * j 

O COOK 

y^(§) Oxalic 
COOH ^ ZOOH/^ Add 

I -2- I / 

CH^-OH CHO 

^ _. ucoUic @ GIuomHc 

Add Add 


Thus, oxalic acid is the final oxidation product 

of glycpL 
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Dtearboxylle a^ds. 

The first three homologues of dicarboxylic acids 
arc 


(1) COOH 

COOH 

(2) COOH 

1 

CH, 

and (3)'COOH 

in. 

Oxalic acid. 

1 

1 

COOH 

CH* 


Malonic 

1 


acid, 

COOH 

Saccinu 

acid. 

1 . 

Oxalic acid 


Preparation. 

- 



Oxalic acid can be prepared with all the three 
general methods discussed for the preparption of 
monocarboxylic acids. [Refer to pages 1^6 to 1481. 
Besides these general methods, oxalic acid Is coa. 
viently prepared in the laboratory by treating cane 
sugar with strong HNOj, which is oxidises caM^ipgar 
to oxalic acid. When all apparent reactions lifoide, 
the solution is evaporated over a water bath, till 
the bulk is reduced to half. Oxalic acid crystallises 
out on cooling* 

Properties. 

Physical, 

Oxalic acid is a white crystalline substance, hav« 
ing two molecules of water of crystallisation. It is 
very poisonous. One gram of it is fatal* Slaked 

lime taken internally serves as an antidote. 

Chemical, 

The chemical properties of oxalic acid can be 
studied by making a reference to the four reactioae 
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of mono-carboxylic acids, already considered on 
pages 149 to 153. In addition to these four reactions, 
the following properties of oxalic acid are very char^ 
acteristic :— 

1. Oxalic acid or an oxalate is a strong reducing 
agent. It reduces potassium permanganate solution 
in the presence of dilute H 2 SO 4 , to a colourless 
manganous sulphate solution. 


Reactions. 

(1) K.MnOn -- K,0h2Mn0j-50 

(2) (COOH 

5\ I -}-50 - 10CO> + 5C.O 
( COOH 
Oxalic acid. 


(3) KO-hH.SO.^ = K2S04 4-H,0 

(4) 2MnOf2H.SOi « 2 \lnS 04 2H,0 


2. A solution ol oxalic acid, when treated with 
a solution ot calciiU'i chloride, gives a white pre¬ 
cipitate ofcalciiim oxalate whiJi is soluble in acetic 
acid. {Distinction from tartaric acid). 


3. Oxalic acid or an 
oxalate, when heated with 
strong H.:S 04 in a test 
tube, evolves a mixture 
of CO and CO^, the 
latter of which is absorb, 
ed, by passing the mix. 
ture through lime ater 
and the residual CO 
gas, on ignition burns wi:h a 
shown in Fig. No-' 45. 




Fig. 45. 


light blue flame as 


4. Oxalic acid or an oxalate on being heated 
with dilute H 2 SO 4 and a little manganesedioxide 
•gives very vigorous effervescence. The effervescence 

14 
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is generally seen rising up the test tube even after» 
it is removed from the flame. 

Test of oxalic acid. 

The above three reactions are used as tests for 
oxalic arid or for an oxalate. 

2. Maiooic acid. 

Oxalic acid already stuiied is the first and malo, 
nic acid is the second member of dicarboxylic acids. 

The synthesis of malonic acid from carbon and 
hydrogen, affords a satisfactory evidence for the 
acceptance of the consticution of the compound as 
HOOC.CH.j.COOH (malonic acid). 

Synthesis of malonic acid from acetic acid. 

Acetic acid on chlorination yields monochloro.. 
acetic acid, which, when treated with potassium 
cyanide gives cyano-acetic acid. Lastly cyano-acetic 
acid is hydrolised and we get the malonic acid. 

Reactions. 

(1) CH,.COOH fCl, C!.CH,.COOH f HCl 

Monochloroacetic acid. 

(2) C1.CH,.COOH ■ KCN CN.CH ,.COOH f KCI 

Cynoacetic acid. 


CM COOH 

I 

I 

(3) CM. 4-ZH.O Cfda +-NH., 

i 

C‘")OM COOH 

» Malonic acid. 


Note ■■ —Since acetic acid can he synthesised from 
its elements, we can synthesis malonic acid starting 
from Carbon and hydrogen through acetic acid. 
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Preparation. 

About 100 c. c. of 50% chloroacetic acid sola* 
tion is neutralized by K CO,,. Next, 30 grams of 
potassium cyanide ir added. The mixture is heated 
in a porcelain basin i>laced in a fume cupboard. As 
soon as all reactions have ceased, the mixture is 
evaporated to dryness over a sand bath. 

Reactions. 

(1) 2Cl.CH.,.COOH fKoCO., 2C1.CH ..COOK 

Chloracecic acid. 4-00^ 

(2) 2Cl.CHi.COOK-2KCN 2KC1 

- 2CN.CH,.COOK 

Chlorpotash acetate. Cyanpotash acetate. 

Tlie residue, which is mainly cyanpotash acetate 
is po dered and rreared with anhydrous ethyl 
alcohol in the presence of conc : H.>SO, in a llask> 
which is heated over a wa’-er bath witia a reliux 
condenser for about three hour.s. 

Reaction, 

CN.CHi.COOK-bOH C -> CN.CH^.COOC,H, 

•fKOH 

Cyanethyl acetate. 

The content of the ^Infilling flask, when cold, is 
poured into its double tj>e volume of ice ci^ld 
water. The cyanethyl.iceiate u liydrolised intt) ethyl 
malonate which is exuracteJ wirli e^her and separated 
by fractional distillation. 

Properties. 

Physical, 

Malonic acid is a white and crystalline substance. 
It is soluble in water. 

Chemical, 

It is decomposed at 200^C evolving carbon^ioxide 
and forming acetic acid. 
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Reaction. 

vCOOH heated 

CH.{ -> CH3.COOH fCO, 

^COOH 

Malonic acid. Acetic a dd. 

Note :—All dicarhoxylic acids, having both the 
carboxylic groups attached to the same carbon atom 
are unstable at ZOO'^C. They are decomposed (if 
heated alone or in aqueous solution) into carbondL 
oxide and a monocarboxylic a^-id. 

Malonic acid» when heated with PjO- yields car, 
bon suboxide, whicii is a gas and which acts on water 
forming malonic acid. 

Reaction. 

CH,.COOH 

2H,0 + 0C : C : CO 

COOH Carbon suboxide. 

Malonic acid on being esteriiied with ethyl alco¬ 
hol yields ethyl malonate which is a very important 
ester used in synthesis of higher homologues of 
monocarboxylic acids. 

Reaction. 

/COOH .COO.C2H5 

CH.j( -fZC.Hs.OH-^CH.C + 2 H ,0 

^COOH ^COO.C H5 

Ethyl malonate. 

Synthetical importance of ethyl malonate. 

Ethyl malonate affords a convenient method for 
the synthesis of higher monocarboxylic acids. The 
importance of this ester in the synthesis of higher 
fatty acids depends on the characteristic behaviour 
of >CHi group in all compounds, when it is pre¬ 
sent between two carbonyl groups in the molecule 
of a compound. 
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The characteristic behaviour of >CHi! ufhen bet, 
iveen two carbonyl groups ( CO ). 

(1) One of the hydrogen atoms of >CH^ group 
is replaceable by one atom of sodium, which is next 
replaced by an alkyl yielding a monoalkyl derivative^ 


Group reaction*. 

(a) — CO—CHj—CO- V Na = — CO—CHNa—CO- 

Monosodium -f H 

derivative. 


(b) —CO—CHNa C04*RiX-= 


-CO-CHRi-CO— 
+ NaX 


(2) The hydro-!en atom in the group ^CHRi is 
now replaceable by the next atom of sodium, which 
in its turn is replaceable in the second installment 
by an alkyl (similar or dissimilar) yielding a dialkyl 
derivative. 


Group reactions. 

(a) —CO -CHRi CO - (-Na-^ -CO -CNaRi-CO— 


(b)-CO,CNaR .CO-- + RjX->-CO- CRjR,--CO- 

-fNaX 

Dialkyl derivative. 


In the constitution of ethyl malonate, we liave 
>CH 2 group between two carbonyl groups and hence, 
we can follow the reactions step by step in obtain* 
ing the dialkyl derivative of the ester. 


Reactions with ethyl malonute. 

rCOOC.Hs 


Ethyl malonate. 


.COOC2H5 


(1) CHaC +Na CHNav 

^ ^ '\cOOC2H5 \cOOC2H. 

Monosodium ethyl 
malonate. 
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.COOCiH, ^COOCiHr, 

(2) CHNaC -4-Rj—X CHRiC +NaX 

^COOC,H, ^COOCaHs 

Monoalkyl malonate. 


yCOOC 11, yCOOC H, 

(3) CHRi<: 4 Na CNaRi< -f H 

^COOCJ1, ^COOC^H, 

Monosodium monoalkyl 
ethyl malonate. 


/CCX'C^H /COOCjH, 

(OCNu^C; ^R X“>CRRi< +NaX 

^COO(\H, ^COOC^H^ 

Diiikyl ethylmalonate. 

The di ILyl eth\] n donatt is next h^drolised and 
tie maloniL j id so syntliesise 1 is heated 

to 200 C ind the 1 idier mono*.arhoxylie acid is 
ol t lined. 


Reactions, 

yCOOC H .CO03H 

(1) CRiR r ► ZHP CRiR C -20 H,.OH 

^COOC H ^COOH 

Dialkyl nialonic acid. 

/COOH 200X 

(2) CRiR^<' CHR,R .COOH+COj 

^COOH Higher inMnocarboxylic 

acid. 

Like etliylmilonate, there is ethylacetoacetare, 
another ester of monoi^arhoxyhc acid, nelpful in the 
synthesis of not only higlier tatty acids but also of 
higher ketones. It will, therefore, be convenient to 
study ethylacetoacetate at this stage. 


i thylaceto acetate 

(CHm~CO CH^ CO-OCH,), 

Synthesis of ethylaceto acetate from acetylene. 

We have seen that acetic acid can easily be syn¬ 
thesised from acetylene. The acetic acid, when 
esterified with ethyl alcohol yields ethyl acetate. 
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Reaction. 

CHs.COOH+OH.CjHs -» CHs.COOCjHj + HaO 

Ethyl acetate. 

The ethyl acetate is treated with sodium drawn 
into a wire in the presence of ethyl alcohol in a 
flask fitted up with reflux condenser. The flask is 
heated over a water hath, until the entire amount ot 
sodium has acted yieldirut the sodium Jeriva.ive of 
ethylacetoacecate as a rhii.k hr*>,vn se.id.solii pro¬ 
duct. The followin?: reactions take place : - 

Rertctions. 

(1) C_Hr,~OHt'Na C Tl.vONa * H 

Sodium ethylate. 

0-- yONa 

(2) CU, -C{- -kCdl-,.ONa CM .(OC H, 

Ethyl acetate. An intermedi¬ 

ate {'riKiuct. 

ONa 


.(XM-I, Hv 

(3) CHs C< -k ^CH.GOOCdi, 

1 acetr 

ONa 


I'l '^Erhyl acetate. 


O H;} “ O — OH .000021^5 
Sodium derivative of 
ethylacetti acetate. 

The sodium derivative is next hydrohsed with 
dilute hydrochloric acid and v\ e ^et tlie cnol c form 
of ethylacetoacetate. 

Reaction. 

ONa 


CH3--C=CH.COOCiHa4 HCl 

OH 

I 

CHr,-C-CH.COOaH5 hNaCl 
Enoi'c form of ethylaceto acetate. 
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In the acidic solution, the enolic form undergoes 
a tautomeric change, in which the hydrogen atom 
fioin tlie hydroxyl group jumps to the adjacent 
double linked carbon atom. The enolic form is thus 
changed into ketonic form. 


CH.s.C^CH.COOC.Hs CHg.CO.CHa.COOC.Hs 

(E nolic). (Ketonic). 

Ordinarily, the ethylacetoacetate exists entirely 
in the ketonic form with a small proportion of enolic 
form. The ester, however, is capable of conversion 
of one form into the other under the influence 
of the various reagents. Such isomerism in which 
the isomers are rapidly _ changing one into the other 
(involving the pump of H atom) is known as tauto^ 
meric or dynamic isomerism. A mixture of enolic 
and ketonic forms in equilibrium is called allelotro^ 
pic mixture. 

Enolic -> Ketonic. 

In the presence of an acid, the enolic form in the 
allelotropic mixf ure is changed into ketonic form. 
But in tlie presence of metallic sodium or sodium 
ethylate, the ketonic form, is chanced back to the 
enolic form. 

Synthetical importance of ethylaccto acetate. 

Etbylaceto acetate. 

(CH3.C0—CH2~C0.0C,H,). 

In the constirution of this ester, we find again 
that the group >CH 2 is between two carbonyl groups, 
as it vyas in the case of ethyl malonate. Hence, ethyl, 
aceto acetate alsp is capable to give its mono or di¬ 
alkyl derivatives. 

The mono or dialkyl ethylacetoacetate is sub¬ 
jected to the acidic or ketonic hydrolysis for the 
synthesis of higher fatty acids or higher ketones 
respectively. 
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(1) Acidic hydrolysis of an alkyl derivative of 
ethylacetoacetate. 

The alkyl derivatives of ethylacetoacetate, when 
treated with a strong aUohohc potash undergo acidic 
hydrolysis and yield a mixture of potassium salt of 
higher fatty acid with potassium acetate and ethyl 
alcohol. 

ReactionSr 

(1) CH 3 .CO'. CHRi.CO .OC.H, 

1 ‘ 

ok' h ok 'H 

CH ^.COOK CH>Ri .COOK C .H,.OH 

Potassium Potassium salt Prhyl alcohol. 

acetate. of liigher fairv 

acid. 

or 

(2) CH-j.CO CR-Rx.CO .OC: H, 

I 

OK H OK 'H 

CH,.COOKCHR,R 1 .COOK ’C,H,.011 
Pota5,sium Potassium salt | 
acetate. of higher fatry ' 
acid. ' 

(2) Ketonic hydrolysis of ethylaceto acetate, 

A boiling dilute solution of potassium hydroxide 
brings about kcconic hydrolysis of the alkyl deriva¬ 
tives of ethylacetoacetate yielding potassium ( arbonate 
and a mixture of higher ketone with ethyl alcohol. 

Reactions. 

(1) CH 3 .CO.CHR 1 . CO .OG.H, 

H i KO I 

I KO H 

CHa.CO.CHjRi K,CO, 'c,H,.OH 
Hifiher ketone, i Ethyl alcohol. 


or, 



( 218 ) 

(2) CHa.CO.CRJli. CO .OCaH., 

H KO 


KO 


H 


CH«.C0.CHK,R,;K>C03 C,Hr..OH 
Higlier ketone. <’ 


(3) Synthesis of succinic acid from the monosodium 
ienvatit'L’s of ethylaceto acetate. 

MonosoJiuiu crhylajcroiceiate is treated with 
mon.ocIilv)ro,ccIiy]acet:atc. The intermediate com- 
poun<i i‘>rmed on hy Jrv->]ysis yields a mixtare of 
V>otassium acetate, poias^min succinate and ethyl 
alcohol. 

Reaction.'. 


(1) CH,,.CO.CH Na . COOC.H, 

, f- 

CI -CH,.COOC,H,, 

Monochloro ethyl acetate. 

i 

CH 3 .CO.CH.COOC 2 H, 

i TNaCl 

CH..COOC .H., 

An iiatermediate compound. 


(2) CHa.CO.CH .COOC.Hs 

! + 3KOH 




CH^-COOC^.H, 

CH3.C00K4-CH,.C00K 


i 4 2C,H,.OH 

CH,.COOK 
Potassium succinate. 
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3. Succinic acid. 

CHo.COOH 

) 

CH,.COOH 

This is the third member of dicarboxylic acids. 
Succinic acid lias an isomer, which is represented as 

/COOH 

CH3--CH( 

^c:ooH 

This isomer ot succinic acid is known as isosiiccinic 
acid. 

Synthesis of succinic acid. 

It may be synthesised from (1) etl-iyl acctoacctate 
as already dcscrii'e.l on pat;e 21b or (2) ethylene in 
the following way. 

Ethylene ('n being bron inated gives ethylene 
dibromide, w'liich can readily be convened into 
ethylene dicyaiude. Tlie ethylene dicyaiiidc on 
hydrolysis yields succinic acid. 

Reactions. 

(1) CH, =*CH, bBr.CHo.Br CH.Br 

Ethylene dibromide. 

(2) CH,Br- ClI>Br t-2KCN -> CIT(CN) -CHaCCN) , 

Ethylene 4-2KBr 

dicyanide. 

(3) CHa-CN CH^.COOH 

i i-4H.20 —> j 4“2NH3 

«H - CN CH.,.COOH 

Both the synthetical reactions involved in the 
synthesis of succinic acid prove its constitution. 

Physical. 

It is a white crystalline solid. It melts at 120°C 
and is soluble in water. 



( 220 ) 


Chemical, 

(1) Its behaviour towards various reagents is the 
same as that of monocarboxylic acids in yielding salts^ 
esters, acid chlorides, amides and anhydrides. 

(2) On being chlorinated or brominated it 
yields mono and dbsubstitution products, which 
when treated with aqueous caustic soda or potash 
give mono or dihydroxy dicarboxylic acids. 


CHa.COOH 

(2) CHa.COOH 

t 

CHa.COOH 

(3) CHBr.COOH 


+ Bra 


+ 2Bra 


Reactions. 

(1) CHa.COOH CHBr.COOH 

> i +HBr 

CHa.COOH 

Monobromo succinic acid. 

CHBr.COOH 
—> +2HBr 

CHBr.COOH 
Dibromo succinic acid. 

CH,(OH).COOH 

( +NaOH —> I H NaBr 

CHa.COOH CHa.COOH 

Monohydroxy succinic 
acid or malic acid. 

CH(OH).COOH 

I 4 2NaBr 

CH(OH).COOH 

Diliydroxy succinic acid 
or tartaric acid. 

I lOsucclDic acid. 

^COOH 


(4) CHBr.COOH 

I 

CHBr.COOH 


f2NaOH 


CHa.CHv 

^COOH 

It is an isomer of succinic acid. 


Synthesis of isosuccinic acid. 

Ethyl malonate when treated with sodium ethylate 
yields monosodium ethyl malonate, which* when trea.. 
ted with methyl iodide yields dLethyl isosuccinate. 
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Reactions. 

y^COOC 2 H 

( 1 ) CHaC -f-C,H,.ONa 

^COOC.H, 

Ethyl malonate. 

.COOC^H, 

NaCHC 4-C.H.,.OH 

^COOC,H-, 

Monosuduini ethyl malonate. 

(2) CM .1 t-Na CH<; 

^COOC.H;, 

/COOC.H-, 

-^Nal 

1 )iet]'iyl isosiiccinare. 

The diethyl isosuccinaio t'li hvdrolysis yields 
succinic acid. 

/COOC.H, 

CH-j.CH( iZUO 

^COOC.H, 

/COOK 

CH,.C1< +2C,H,.OH 

^COOH 

isosuccinic acid. 

The above synthesis affords a satisfactory evidence 
of the Constitution of isosuccinic acitl. The isosuc* 
cinic acid differs from succinic acid in its being 
unstable at 200*^0 at which it decomposes and gives 
propionic acid and GO^ exactly as malonic acid 
yields CO^ along with acetic acid. 

MoDohydroxy irionocarboxyMc acids. 

There are two important monohydroxy monocar- 
boxylic acids* namely : — 

(1) Lactic acid or a^hydroxy propionic acid. 

(2) Hydrocrylic acid or /3-hydroxy propionic acid. 
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Both these acids may be considered as derivatives 
of propionic acid. 

The mono..chIorination product of propionic acid 
may be a^chloropropionic acid or /3.chloropropionic 
acid, which when treated with ammonia would yield 
respectively u^amino or /fy-amino propionic acid. 
These amino derivatives on treatment with nitrous 
acid give lactic or hydrocrylic acid. 

Reactions. 

(1) CH3.CH.,.C00H ^Cl, - CH 3 .CHCI.COOH + HCI 

Propionic acid. a.chloropropionic acid. 

(2) CHs.CHCl.COOH - H.NH., 

CH.i.CH(NH2).COOH 

or-amino propionic acid. 

(3) CH^.CH(NH,).COOH+OH.NO 

CH:,.CH(0H).C00H4-NH3t-H,0 

adiydroxy propionic acid 
or 

lactic acid. 

Again substituting a chlorine atom in /P.position 
of the propionic acid, we shall get /?.chloropropionic 
acid, from which we can easily derive i6-hydroxy 
propionic acid or hydrocrylic acid [CHaCOHl.CH-i. 

COOH]. 

Lactic fcCiJ or {ci.hydroxy propionic acid). 

It is prepared by the fermentation of milk sugar 
present iji milk, when it is exposed to air. The 
lactic ferments present in air fall on milk and set 
up lactic fermentation during which milk sugar 
(Ci 2 H\:^Oii) present in milk is hydrolysed and is 
changed into lactic acid, which tastes sour. 

Reaction. 

Ci.H.oOii 4CH3.CH(0H).C00H 

Lactic acid. 
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Properties. 

(1) Lactic acid in the presence of decaying cheese 
undergoes butyric fermentation and is changed into 
butyric acid by butyric ferments present in the 
decaying cheese. 

Reaction. 

iCHs .CH(OH).COOH-^CH, .C H , .C I la .COOH 

Butyric acid* -f 2COj-f 2 H^O 

(2) Lactic acid has in its constitution a 
—COOH as well as a secondary alcoholic group. 
Hence, it behaves towards various reagents as a car,* 
boxylic acid and also as a secondary alcohol. 

(a) It forms salts with bases and yields esters 
with alcohols 

(b) It is reduced with HI to propionic acid. 
Reaction. 

CH3.CH(OH).COOH-h2Kl COOH4-1., 

4- H,0 

(,:) It is oxidised to pyruvic acid with potavssiurn 
permanganate. 

Reaction. 

CH,.CH{OH).COOH-rO-:^ CH. 5 .CO.Cv>OH bH.O 

Pyruvic LKid. 


Hidraerj lie liCid (or (Lhydroxy propionic aad), 
/^^,hydroxy propionic acid [CH. .(OH).CH,.COi,^HI 


is obtained 

by reactions 

already cori'.idered for tlie 

preparation 

of a.hydfoxy 

propionic acid. 

Reactions. 




Cl.. 

NH 3 

cH3.cH2.cooH ^ 

CH,.Cl.CHa.COOH 



/bpri^pionic a:id. 


OH.NO 

cH2.NH2.cH2.cooH 

C H., .OH.C H, .COOH 

fi.aminopropionic acid. 

/?*hydroxy propionic 



acid. 
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Properties. 

(1) As hydracrylic acid contains a primary alco¬ 
holic group —CHj.OH besides a carboxylic group, 
it is readily oxidised with chromic acid to malonic 
acid, which (as we have already seen on page 210), 
is the second member of dicarboxylic acid. 

Reaction. 

CH.,.(OH).CHa.COOH-f 20 HOOC.CHa.COOH 

Hydracrylic acid. Malonic acid. -rHaO 

(2) Hydracrylic acid on being treated with sul¬ 
phuric acid gives an unsaturated rnonccarboxylic 
acid known as acrylic acid. 

Reactwns. 

(a) CH./.OH.CH...COOH ^H.HSO^ 

CH,.HSO.,.CH,.COOH-f HaO 

(b) CH.,.HSO.i.CH2 COOH CH.,-CH.COOH 

Acrylic acid. 'bH .SO^ 

Synthesis of lactic acid. 

Acetylene is synthetically obtained by passing a 
high voltage electric current between two carbon 

Hydroqen 



Fig. 46. 

electrodes in a bulb, through rhe one end of which 
hydrogen gas is passed as shown in Fig. 46. The 
acetylene gas comes out through the other end. 

Reaction. 


2C + 2H CHECH. 
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Acetylene gas, when passed into about 20% sulphu¬ 
ric acid in the presence of mercuric sulphate, is 
hydrolised to acetaldehyde. 

Reactions* ^ 

(1) CHECH Acetylene, 

H . HSO 4 
H . HSO 4 

CH., CH(HSO0> 

(2) CH*~CH(HSOJ. 

O H, 

CH, -CH0 2H,S0, 

Acetaldehyde. 

The acetaldehyde so synthesised, is rie\t treated 
with hydrocyanic acid and we get acet ildo^yan- 
hydrin. 

Reaction. 

CH 3 .CHO + HCN -> CH^.CH (OHhCN 

Aceraldo-cyanhydrin. 

The acetaldoxyaiihydrin on hydrolysis yields 
lactic acid. 

The study of •'he reactions involved in the Nyn, 
thesis of lactic ai.id throws light on its Constitution 
and proves that the molecule of lactic acid h is fiie 
hydroxyl group in a^positi.in with respect to CX)OH 
group of the propionic acid. 

Synthesis of hydrocryUc acid. 

Starting with tarhon and liydrogen, we tan 
obtained acetylene, winch on reduction givc'^ echy, 
lene. Ethylene is next treated with hypot hlorous 
acid and is converted into monochloroglyto!- Tlie 
monochloroglycol on treatment with KCN forms 
monocyanoglycol. The monocyanoglycol on hyd, 
rolysis yields /i^,hydroxypropionic acid or hydrocrylic 
acid« 
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Reaction;. 

(1) 2C+2H-HC=CH Acetylene. 

(2) CH = CH + 2H ^ CHj-CHa Ethylene. 

(3) CH3=CH:j+HOC 1 -»CH,(OH).CH..Cl. 

(4) CH.(OH).CHjCl 4-KCN-^CHj.OH.CH,.CN4-KC! 

(5) CH (OH).CH,j.CN + 2H.O-*CH.(OH).CH,.COOH 

+ NH3 

)3^hydroxy propionic 
acid or hydrocrylic 
acid. 


The reaction involved in the synthesis of hydro., 
crylic acid throw li^ht on its constitution and proves 
that a molecule of the acid has the liydroxyl group 
in /[imposition v/ith respect to —COOH group of the 
propionic acid. 

Monohydroxy dicarboxylic acid. 

Malic acid [a representative memher of monohyd- 
roxy tlit-arhoxylic acids] is derived from succinic 
acid as studied on page 220. 


COOH 

I 

CH.j Br. 

I 

CH. 

1 

COOH 

Succinic 

acid. 


COOH 

j 

CHBr NaOH(Aqua) 

I 

CH, 

i 

COOH 

MonobroniOm 
succinic acid. 


COOH 

CH.OH 

I 

CH, 

I 

COOH 
Malic acid. 


Properties. 

Physical, 

It is a hite crystalline deliquescent solid soluble 
in water and alcohol. 


Chemical, 

From the consideration of the constituion of 
malic acid, its chemical behaviour can be predicated. 
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It will behave as a carboxylic acid as well as a secotv 
dary alcohol. When heated, malic acid, however^ 
undergoes remarkable changes. 

Effect of heat on malic acid. 

When heated, it does not form an anhydride as 
succinic acid does. But it forms an unsaturated 
dicarboxylic acid known as fumaric acid. 


Reaction. 


CH (OH).COOH heat 

[ y 

CH,.COOH 

Malic ac id. 


CH.COOH 
II + H,0 

CH.COOH 

bumaric acid. 


Next, when fumaric acid is heated, a part of it 
forms anhydride called maleic anhydride. 

CH.COOH hear CH.CO. 

!1 II >o+H.x:) 

CH.COOH CH.CO-^ 


Maleic anhydride when boiled with water yields 
maleic acid whicli is an isomer of fumaric acid. 

CH.COv CH.COOH 

( >0+H>0 -> I! 

CH.CO'^ CH.COOH 

Maleic acid. 


Since maleic acid forms its anhydride and fumaric 
acid generally does not, the constitution of both 
are different due to the different distribution of 
—COOH group in space as shown below ^ — 


CH.COOH 

n 

HOOC.CH 
Fumaric acid. 


CH.COOH 

il 

CH.COOH 
Maleic acid. 


[ Read Stereoisomerism on page 232 1, 
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Dibydroxy dicorboxylic acid. 

Tartaric acid, [a representative member of dihyd, 
roxy dicarboxylic acids] is derived from succinic acid 
as we have already studied on page 220. 


COOH COOH 


COOH 


CH, 

1 2Br2 


CH.Br 

I 2KOH (Aqua) 

CH.Br 


I 

CH.OH 

I 

CH.OH 


COOH COOH 

Succinic acid. Dibroino-succinic 

acid. 


COOH 

Tartaric acid. 
(A ciihydroxy 
dicarboxylic 
acid). 


Properties. 

Physical. 

(1) It is a vvhicc crystalline solid, possessing very 
sour taste. 


(2) Its solution is optically active. 


Note ■ -Optically active substances are those 
which in litiuid form or in solution are able to 
rotate the plane of polarised light. 


Polarised liiibt 

The propagation of light is a transverse wave 
motion. Transverse vibrations are executed in 
innumerable planes, simultaneously. Thus the pro¬ 
pagation of ordinary light rays is due to the trans., 
verse vibrations in all possible planes as shown 
in L, on next page. 
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r~ y 

"J 

/ 


I 

Ordinary lir,lu 
vihfdti n in 
dM plan s 




A 






\1 

Po 'irist 1 1 t 
vihriti *ns in i 
) ri rit-il 
pi >in 


A B 



IS ) 


H 1 I eiin ot orJimry light ib paSbCvl through a 
cen un ».r\snl~siy IcehnJ bpir known i^, “Nicol 
pri'.m , the heim emerges out of the prism as i 
polarised li^ht is ir now Limsists of t hrations in 
only one plant Tht prism cuts oil tlic vibriiions 
executed in eveiy o>hc.r pi me c\i-ept ont Thus, 
ipohiisei li hi differs Irom t rdin ir> vvfiire light 
in con I nn^ >f rrmsversc \ii r it ions of only ont 
pi uit SuO''tanccs (solids, liLiuids t>r solutions), 
whp. I irc ihle to rot lie the pi me o1 pol.iribcd hghr 
rotle ngnt (dtnk^wisc) ot to the left (aiiiiclock* 
wise) ire oprit-dly i net. Pxtiertothe sketches B 
and A ibove j 

Tartaric ic id in solut on is opneallv letive In 
the ligpt ot optieal letivity, we ire Iimihir with 
four forms cT tartarie aeid 

1 UextrotartartC is the vinery of the acid» 
whicn IS able to rc'ate the plane of pol insed light to 
the right (dock.wise). 

2 Laevotartaric is the variety of the acid, which 
lb able to rotate the plane of polarised light to the 
left (anti^cloekwise). 

3 Bacemictartaric is the variety of the acid, 
which is a mixture of dextro and laevo in the 
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equimolecular proportion ; and thus it is apparently 
optically inactive, due to the external compensation* 

4. Mesotartaric is the variety of the acid, in 
which half the molecule, is dextro, and the other 
half is equally laevo. This variety is also apparently 
optically inactive ; but it is due to the internal com, 
pensation. 


H 


OH 


\ / 
HO OC V V- 


HO OC A 

A. 

H 

jt( 


Oh 




C 'l CO OH 


Oh h 
cV^COOH 


'•'OOH HO OC 


Oh h 

'J( * t f ’ / ^r> t 

'i' ti 


OH 

A (/f/ 


Note :—All these different varieties of tartaric 
acid are chemically identical, as we shall see it later, 
under the chemical properties of tartaric acid. They 
differ, however, in their crystalline structure and in 
their effect on the plane of polarised light, when 
they are in solution. 
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I. H. Van't Hoff. 

In 1874, Van't Hnff and Lc Bel advanced a theory 
according to which, it is nssuni cd — 

(1) that t]ie property oi tiptical activity a ot a carbon 
compound is due to the presence in its molecule oi 
at least one carl'on at(.»in which is asytninetrlcal. An 
asymiDetrlcai (Taboo atom has each of its four lH)nds 
united with tour different atoms or groups, as for 
example R 

I 

X-C—Y 


(2) that ev^ery carbon atom in the constitution tof 
a carbon compound is situated at the centre of an 
imaginary regular lelrahedroB, 

(3) and that each of the four bonds of the carbon 
atom is acting in the direction from the centre of 
the tetrahedron to its four corners and to each of 
which a monovalent atom or group is attached as 

dIttrtbaUd !■ space. 
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The study of dextro and laevo forms of tartaric 
acid leads to a new type of isomerism called space 
isomerism or stereoisomerism. 

Development of stereoisomerism. 

Tartaric acid as obtained from grape juice was 
found to he dexro. Bur the acid obtained from 
the mother liquor of rlie grape juice after separation 
oi the dextro, was found to be optically inactive, 
Tf us acid was called racemic tartaric acid. The 
sodium salt of racemic acid on microscopic examina^ 
non revealed, that it was a mixture of two kinds of 
salts liaving different crystalline shapes, which were 
related to one another, ns an object is related to its 
image. Pasteur separated both the varieties of salt 
an;| dissolved tliem separately. On placing these 
solutions into the path of the pvalansed light, one was 
found to be dextro rotatory, while the other laevo 
to the same extent. Equal volumes of both these 
solutions, when mixed, were found to be optically 
inactive. Thus racemic tartan': acid is she)wn to be 
the mixture of dextro and laeviu 

Lactic acid already studied on page 222 in an 
optically active substance as it lias one asymmetrical 

carbuB atom 

H 

i 

CH3--C-COOH 

OH 

Lactic acid. 

Since any compound, in which tlierc is at least 
one carbon atom attachc.l to four d/jferent atoms or 
groups, can exist in two and on'y two such forms, 
as-may be related to one another, as an object is 
related to its image* lactic acid is capable to exist in 
two isomeric forms dextro and laevo, having identu 
cal chemical properties, hut having different effect on 
the polarised light due to the difference in the 
distribution of the atoms or groups in space. 
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H 


CH 3 —C-COOH 


H 

Dextro lactic acid. 


H 


HOOC-C -CH,^ 

I 

H 

Laev^o lactic acid. 


Such an isomerism of space is known as stereo^ 
isomerism. 


A mixture of these two srereoisomeric lactic 
acids in equal propt^rtions will be apparently optically 
inactive due to the external compensation. 

In the consrituion of tartaric acid, if w'c rake 
X-H, Y=OH, Z- -COOH, 11= CH.(OH).COOH 
we siiall see that a molecule of rariaric acid has Civa 
asymrneirical carbon atoms. 

Accordim’ the theory of Van’t; I h>{i and Le Bel, 
we know rhar X, V, Z and may be distributed in 
space so diflereiuly as to have three models No: 1, 
No* 2 and N(v’ 3 to represent the stercoisomeric 
forms of tarianc :icid. 


Model No; I. 
Z 

I 

Y -C X 

I 

X -C—Y 

i 

1 

Z 


Model No: II. 

Z 

i 

X - C Y ■ 

I 

Y- C-X 

I 

I 

Z 


The molecules t»f tartaric acid represented by 
model No: II, is a mirror image of the molecule 
represented by the model No: 1. Thus if the tartaric 
acid represented by the model No: I is dextro, that 
represented by the model No'* II must to laevo. 
If we consider a mixture of both in equimolecular 
proportion we shall have an apparently optically 
inactive form of tartaric acid as due to the external 
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compensation. This stereoisomeric form of tartaric 
acid is known as racemic variety. 

Model No: III. 

Z 

I 

Y--C—X 


1 

1 

z 

Half of the molecule of tartaric acid as represented 
by the model No: 111 is a mirror image of the other 
half. Hence, if lialf of the molecule of such a 
variety of tartaric acid is dextro, the other half of 
the molecule will be laevo equally. The molecule 
cjf this stereoisomer of tartaric acid will, therefore, 
be optically inactive as due to the internal compensa. 
tion. 

This stereoisomer of tartaric acid is known as 
mesotaitar.'c acid. 

Cketnicinl properties oi tartaric uetd. 

Tartaric acid will give the reactions of carbo xylic 
acid and that of secondary alcohols, in two stages, 
since tartaric acid contains in its constitution two 
secondary . alcoholic groups and two carboxylic 
groups. Besides these, the following reactions of 
tartaric acid are very characteristic, 

1 . It is able to reduce ammonical solution of 
silver nitrate to metallic silver. 

2 . It is charred, when treated with strong H 2 SO 4 . 

3. Calcium chloride solution, gives a white pre. 
cipitate, wi|;h a neutral solution of tartaric acid. 
The white precipitate is soluble in acetic acid. (Dis.* 
tinction from oxalic acid). 
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OlycerlDe 


2 Tr I hydroxy alcohol. 

CH,.OH 

I 

CH.OH 

I 

CH,.OH 

Glycerine or glycerol. 


Syntbosis ot glyeet'lRe or glycerol. 

Synthetical reactions of glycerine or glycerol are 
shown below : - - 


heat 


2C4 2H 


H -SO, 

CH = CH -> 
Acetylene. 


O 

CHk.CHO 

AcetaldeliyJe. 


2 CH 3 .COOH 

Acetic acid. 


Ca(OH), 


CH...CO(\ 

>Ca 

CHa.COQ/ 

Calcium acct.ite. 


heat 


CH.J 

CH, 

CH, 

CH, 

i 

2H i PCI-, 

! NaOlUAl 

Co) 1 2C1 

CO 

-> CH.OH 

1 

CH.Cl 

CH 

j 

CH, 

c'Hh 

CH, 

II 

CH, 

Ace¬ 

Isopropyl 

Isopropyl 

Propy¬ 

tone. 

alcohol. 

chloride. 

lene. 

CH 3 

CHo.Cl 


1 

Cl. i 




CH.Cl 

I 

CH2.C1 

Propylene 

dichloride. 


CH.Cl 

I 

CH,.C1 

Trichloro. 

propane. 


The trichloropropane, thus synthesised, is next 
treated with silver acetate and we get glyceryl ace» 
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tate, whicli on being hydrolised yields glycerine or 
glycerol. 

Reactions, 


(i) CH>.Cl + AgOOC.CH 3 


CH,.00C.CH3 


CH .Cl + AgOOC.CH;, 

! 

CH*..C1 f AgOOC.CH, 


CH .OOC.CH 3 4-3AgCI 


CH,.Q0C.CH3 
Glyceryl acetate. 


(2) CH_.OOC.CH, 

CH.OOC.CH 3 4 311 .0 

! 

CHo.eX^C.CH., 


CH..OH 

I 

CH .OH + 3 CH 3 .COOH 

I 

CH..OH 


Hanofacture of i^iyci^rine 

Glycerine is ntanufacrured from “ SpiOt lye ** 
obtained from the saponifying tank, after salting 
out of the lOap. [Read at rbe bottom page 180]. 


The “spent lye”, contains alkali along with some 
fatty acids and glycerine. The alkali is neutralised 
by calciilared amount of HCl. 1 he fatty acids 
are saponified with ferric sulphate and is precipitated 
as iron soap in the treating rank Fig. 46. The 
gelatinous iron soap and brown ferric hydroxide 
settle down in the treating tank. A neutral solution 


h ■ i 1 


^ (>s. 

|l r ^ 


Kfl ' L '■ 
t\)n 




11 




!• Il I I I 


L.4_) 

Treating 7jnA 


Pump 


c 


I 

._ji. 


jl l.~ 


. - 

Jtink 


I' 

' I*-;-.. ^ 

I : 

I _ 

1 ■ ) 

A eiver 


Fig. 46. 


of glycerine is pumped up the treating tank, through 
a filter press, which removes the precipitates of iron 




( 237 ) 


soap and ferric hydroxide. The filtrate from the 
filter press is collected in a storage tank, wherefrom, 
it is led to a vacuum pan, which is connected with 
an exhaust pump (not shown in Fig, 46). As the' 
pump works, the pressure in the v’^acuum pan 
is Considerably reduced and water is boiled off— 
the steam condenses in the cooling tank and collects 
in the receiver. The glycerine remaining in the 
vacuum pan, still contains some water and colouring 
matter. The colouring matter is removed by filtra. 
tion of the crude glycerine through animal charcoal. 
The colourless glycerine is finally dehydrated in 
stearruheaced vacuum pans. 


Properties ot g.lyceriae. 

Physical, 

Glycerine is a thick, heavy and colourless Inund. 
It has no smell, but tastes sweet. It is very soluble 
in water, but insoluble in etlier. It absorbs moisture. 

Chemical. 

Glycerine is a trihydroxy alcohol, having a se.. 
condary alcoholic group. Acting as a secondary 
alcohol, it is able to reduce ammonical solution of 
silver nitrate to metallic silva'T, 

Other reactions of glycerine. 

Make a cone of finely powdered K^Mn^O,, and 
form a cavity at the apex of the cone. Pour into this 
cavity a little glycerine. Tlie glycerine will carch 
fire in a shore time. 

(2) Take about 5 c. c. of glycerine and 1 gram 
of potassium hydrogen sulphate in a rest tube. Heat 
it strongly. Glycerine is deliydrated and gives a 
characteristic irritating smell of an unsaturated 
aldehyde known as acrolein. 
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Reaction. 

CHa.OH CHO 

I KHSO 4 I 

CH .OH ^ CH + 2 H 2 O 

I H 

CH,.OH CH, 

Glycerine, Acrolein. 

(3) Take 5% solution of borax. Make this solu¬ 

tion pink, by adding to it a few drops of phenoL 
phthalein solution. Add now to it, a little of about 
15% glycerine solution. The pink colour is dis¬ 

charged, but re-appears on boiling. This is a very 
sensitive test of glycerine and is known as Dunstan'S 

test. 

( 4 ) Take a mixture of cone : HNO3 and H2SO4. 
Allow glycerine to act on the mixture in a fine spray. 
The temperature of tlie mixture should never be 
raised to above 25°C. The glycerine is slowly esterU 
fied and the tri-nitro glycerine formed appears on 
the surface of the mixture as an yellow oily liquid. 

Reaction. 


CH2.0H4-H,N0, 

I 

CH .OH + H.NO; 

I 

CHo.OH 4 'H.NO. 

Glycerine. 


CH2.NO3 

i 

CH .NO3+3H2O 
CH2.NO3 

Tri-nit ro^glycerine. 


Note :—Cone : H 2 SO 4 acts as a condensing rea¬ 
gent. TrLnito-glycerine is a violent explosive and 
is sensitive to shocks. Usually, it is detonated by the 
explosion from mercury fulminate. The use of tri¬ 
nit ro-glycerine has been replaced by dynamite, which 
is a mixture of 70% of tri-nitro-glycerine and 30% of 
a porous sand called klesellabr. 
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Hexa Hydroxy Alcohols 

CH,-CH—CH- -CH-CH-CH> 

I 1 I 1 t I “ 

OH OH OH OH OH OH 

Mannirol. 

Hannltol is closely related to suear as glucose 
and fructose. GlQCOSe is an oxidation product of 
mahnitol. 

CH,--CH-CH CH CH-C=0 

! i I I ! I 

OH OH OH OH OH H 

GluLose. 

Note One of the primary alCohohc group 
—CH_.OH the mannitol is oxidised to aldeliydk 
group -C = 0. 

I 

11 

Fructose is also an oxidation product of mannirol 
in which ore ol the sevondtry ahohohc group 
>C OH IS oxidised to the kctt>nu gioup >C~0. 

H 

CH.-CH-CH CH C-CH. 

I “ I I I II I 
OH OH OH OH O OH 
Fructose. 

Carbohydrates. 

Carbohydrates are compounds having carbon atoms 
issociated with the atoms of hydrogen and oxygen 
n the proportion,dn which they form water. 

There are three classes of such carbohydrates* 

1. Monosat charides —1. Glu^-ose. 

2. Fructose. 

2. Disaccharides :— Cane sugar. 

3. Polysaccharides :— 1. Cellulose. 

|2. Starch, 
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Monosaccharides. 

Glucose or grape sugar * C6 Bi20g. 


Constitution of glucose. 

CH,(0H).CH.0H.CH.0H.CH.0H.CH.0H.C-0 



CH.(OH).[CH.OHl4 


or 

C=0 (Glu^^obc). 


H 


or 

R—C=0 ; where R =CHj(OHMCH.OHh 
H 

The various names, with which glucose is known. 

1 . Gr.ipc sugar ; -Siuce; ir is present in large 
quantities in grapes. 

2. Dextrose . Since, its solution is able to 
rotate the plane of polarised light to the right (clock¬ 
wise). 

3. Aldoses : - Since, it contains an aldehydic 
group C =0 in its lonstitucion and behaves in 

H 

most cases, as an aldehyde. 


Mauufacture oi glucose. 

Glucose IS obtained on a large scale by hydrolysing, 
starch with dilute mineral acids like HCl or H. 2 SO 4 , 

Properties of glucose. 

Physical. 

Glucose IS a white crystalline substance, possessing 
sweet taste, very soluble in water, but in alcohol it 
is only sparingly soluble. Its :4olution is optically 
active and it is dextro. 
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Chemical. 

Since, constitutionally, glucose or aldose is repre^ 
sented as R—C®=0, where R==CH^ OH,[CH.OH] 4 ; 

" H 

it resembles an aldehyde in the following {Joints 

(1) It reduces Fehling’s solution, to a red precipi, 
tate of cut>rous oxide. 

(2) It rediites ammonical solution of silver nit«. 
rate to metallic silver. 

(3) It is readily oxidised to gluconic acid. 

CH..0H.[CH.0H]4 CH0+0=CH .OHdCH.OHJt — 

Glucose. C<-X3ll 

Gluconic ncd. 

(4) It forms glucocyanhydrin with hydrcicvanic 
acid. 

(5) It forms qlucoaximc with hydroxyl amine. 

(6) Tt reacts with hydracinc rorming glu^oiiyd, 
razone. 


(7) It reacts with phenyl iiydiazine in the follow^ 
ing peculiar way : - 

{a) CH,.OH CH,.OH 


I 


(CH.OH)a 


-H,0 
—» 


CH.OH , 

CHO-l-lfjN.NHCeH, 

’_I 


(CH.Ol 1), 

CH.OH 

I 

CH«N[.NHCJl5 


Gluco^-phenyl «!<" 
hydrazine. 


Giuco-phenyl 

hydrazone. 


(b) The gluco^pheijyl hydrazoiH^J reacts on the 
excess of phenyl hydrazine, forming an intermediate 
produce along with ammonia and anmne. 



CHa-OH 

(CH.0H)3 -» 

! H NH, 

C\ + • 

I >0 iH HN.CnHsI 
Phenyl 
hydrazine, 
CH=N—NH.CoH, 
Clucophenyl hydrazone. 


CH,.OH 

1 

(CH.0H)8 

C =0 -f NH.t +C 6 H 5 .NH, 

' Ammonia aniline, 

CH = N—NH-CsHs 
Intermediate compound. 


(c) The intermediate compound .i:7nin acts on 
phenyl hydrazine, yielding ^lUCOSbZone. 


CH 2 .OI 1 

I 

-H.,0 (CH.OH);» 


CH,.OH 

j - —) 

C-jO+H.iN.NHCoH- 

I ■" 

CH-N-NH CftH, CH-N.NH-CgHs 

Intermediate compound. Glucosazone. 


C-N-NH.CeH, 


(d) The glucosazone on hydrolysis, is changed 
into osone, giving back phenylhydrazine. 


CH ..OH 

I 

(CH.OH)n 2 H 3 O 

I 

C»N—NHC 0 H 5 + HP 

I 

CH-N.NH.C0H5 + H.O 


CH...OH 


(CH.OH)^ 

I -hZH^sN.NH.CeHj 
C =« O Phenylhydra.. 

I zine, 

CHO 

Osone. 


(e) The osone, vyhen reduced with zinc and acetic 
acid, is changed into fructose. 
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CHa.OH 

I 

[CH.OHI 3 

I 

c«o 

CHO + 2 H 
Osone, 


CHj.OH 

I 

c«o 

I 

CH.OH 

Fructose. 


Notes •*—(1) Giucosc, under^Din^ the above series of 
v-'liemical chnn'J!os wirli phenylliydrazine 
is finally conv^iiLod into fructose. 

(2) Glucose does not form additive products 
with aninionia and st)diuni hydroK'en 
sulpiiite, as an aldehydes does. 

(3) Cducose does not i^ive vSehiff's test. 

2. Fructose r -CoHj^Oc,. 

Constitution of fructose. 

CH .OH.CM.OH.CH.OI I.CH.OH-CO--CHo.OH 

or 

CH..OH.(CH.OH)3~CO-CHa.OH 

or 

Ri-CO-Ro ; where Ri =CH,.OH (CH.OH), 

Ra - Cl I>OH 

The various names, with which the fructose is 
known. 

1. Fruit sugar;—Since, it is found in fruit juices. 

2. Laevulose:—Since its solution is able to 
rotate the plane of polarised light to the left (antu 
clocl&wise. 

3. Ketoses:—Since, it contains a ketonic group 
>C«0, in its constitution and behaves i,n most 
cases as a ketone. 



( 244 ) 


HaDalactnre ol fructose. 

Fructose is manufactured from inulin contained 
in the roots of Jerusalem artichoke j a species of 
sun.flower. 


Properties of fructose. 

PhysicaL 

Fructose is a white crystalline substance, possess, 
mg sweet taste. It is readily soluble in water. Its 
solution IS optically active and is laevoiotatory. 

Chemical. 

Since, fructose contains a ketonic group >C —O 
m addition to ~ OH groups, it behaves like a ketone 
as well as an alcohol. It behaves like glucose in its 
properties in much the same way, an an aldcl vde 
resembles a ketone. Like glucose, IructC'C acts 
on hydroxyl amine, hydrocyanic acid and plieny, 
hydrazine. 


Reactions of fructose with phenylhydrazme. 


(1) CH.OH 

I 

(CH.0H)3 


CH ,OH 


(CH.0H)3 


C-! o 




N.NHCeH, 


CH,.OH 


PhynyL 

hydrazine. 


Fructose. 


C*N.NHCJI,4-H.O 


I 

CH^OH 


Fructo-phenyl 

hydrazone. 
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(2) CHa^OH 
(CH.0H)8 

I 

C-N.NHCt.H5 

I 

CH2.0H-rH,N.NHCc:H 

rhenylhyJra, 
zine. 

(3) CH,.OH 

(CH.OH), 

I -3 

C-RNHCoHs 

1 

CHO ^H.N.NHCoH, 

Interme. Plienyl'iydra, 
diate coin, "ine. 
pound. 

The fnicrosazone op 
osjone. 

CH,.(^H 

I 

[CH.OH], +2H,0 

C-N.NHCaH5 

( 

CH = N.NHCg.H5 


CH...OH 

i 

(CH.0H)3+NH5 
1 +C 6 H 5 .NH 2 

C —N.NHCgHt Aniline. 

I 

CHO dMH^ 

Intermediate 

Compound 

CH>OH 

(CH.OH)., +H,0 

C-N.NH.C,.H, 

! 

CH-N.NHCgHc 
I'riictosazone. 


heinf^ ' hydro!ised yields 


CH .OH 

I 

rCH.OHJs 

( 

CO +2C«Hr,.HN.NH> 
) 

CHO 


Osone. 

Note :—The phenylhydrazone of glucose is diff.. 
erent from the phenylhydrazone of the fructose* 
but the osazone and subsequently osone of the both 
are identical. Fructose differs from glucose in points 
in which ketones differ from aldehydes. Fructose* 
however, reduces the ammonical solution of silver 
nitrate or Fehling’s solution. 
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Dhaccbarides. 

Caoe SugarGiaHaiOn. 

Cane sugar is a storage material of many plants 
and is mostly manufactured from sugar cane. The 
sugar cane is crushed under rollers. The juice, so 
extracted contains impurities, which are precipitated 
with lime. The impurities are filtered off and the 
juice is evaporated in vacuum pans. The concentra. 
ted juice is next allowed to crystallise in crystallising 
tanks. The sugar crystals are separated from mola^ 
sses in centrifugal machines and the impurities are 
washed away witli water spray. 

Constitution of cane sugar. 

The strucrrual formula of cane sugar is still un.. 
certain. But it appears, that it has neither an alde^ 
hydic group nor a ketonic group. 

Properties of cane sugar 

Physical. 

Cane sugar is a white crystalline substance, vcr. 
soluble in water. Its solution is optically active 
Cane sugar is dextrorotatory. It possesses a sweet 
taste. It melts at 160'^C. When heated above this 
temp^erature, it forms a brown amorphous substance 
called caramel, which is used as a coluring matter 
for food staffs and wines. 

ChemicaL 

(1) Cane sugar differs from glucose and fructose 
in getting charred, when treated with strong 

Ci,H2i0ii + HoS 04 == 12C + llH 20 dH 2 S 04 . 

(2) Unlike glucose and fructose, cane sugar is not 
a reducing agent nor it reacts with phenylhydrazine. 

(3) Cane sugar is hydrolysed with dil. mineral 
acids into invert sugary which is a mixture of 
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glucose and fructose. The reaction is known as 
inversion. ' 

Dil, H.,S04 

Cx2H.2,OiihH:iO 

Cane sugar. ''-v-^ 

Invert sugar. 

The mixture of glucose and fructose so obtained 
is known as “Invert sugar*’, because, its solution is 
laevorotatory, whereas, the cane sugar is dextrorota, 
tory. Since, fructose is more strongly laevo, the 
invert sugar could not be optically inactive, but it 
is laevorotatory. 

(4) Since, the invert sugar contains glucose, cane 
sugar solution, after being treated with dilute mineral 
acids, is able to reduce Fehling’s solution to a red 
precipitate of (CuO) cuprous oxide. 

(5) Strong nitric acid oxidises cane sugar to 
oxalic acid. 


Polysaccharides. 

1, Cellnlose 

Cellulose forms the main constituent of plant, 
fibres, paper and cotton. 

Properties of cellulose. 

Physical. 

Pure cellulose is a colourless and transluscent 
fibrous substance. It is insoluble in water. It absorbs 
moisture from air. It is heavier than water. 
Wood is apparently lighter due to ait spaces cont.- 
ained in the fibres. 

Chemical, 

(1) Cellulose turns brown, when it is heated. 

(2) It decomposes before its melting point is re^ 
ached. 
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(3) It gives acetic acid, acetone, wood tar, and 
methyl alcohol, when subjected to destructive dis. 
tillation. 

t 

(4) Generally, it docs not act on chemical rea¬ 
gents. Dilute soultion of acids and bases do not 
act on cellulose, as it is evident from the fact that 
filtenpaper is not effected by various reagents. 

(5) Strong caustic soda atid potash act on 

lose and make it swell up as a gelatinous body* 
Cotton fibres, when treated with 20^ caustic soda, 
take up a smooth glassy cylindrical appearance. 
This treatment of the fibres gives tt) tnem a peculiar 
silky lustre and the process is known as merceris^i. 
tion. 

(6) Strong HyiS 04 acts on cehulose^and changes 
it into carbonaceous matter. Dilute H^SO.i converts 
cellulose into a tougher and tliicker substance, Laper 
treated with dilute H SO, is changed into parch, 
ment paper, which is water proof. 

(7) Cellulose forms a soluble complex ccmipound 
with cuperammonium hydroxide I Cii(NH;d'i(GH)i> ]. 
This soluble Complex compound so formed, is used 
in the manufacture of artificial silk. 

(d) Cellulose acts on nitric acid under different 
concentratic'in and temperature, forming a higher 
(hexamitro) or a lower (trLiutro) cellulose nitrate. 
We arc familiar witli a few of them. 

(a) Celluloid : -It is a plastic solid formed by dis. 
solving poorly nitrated cellulose ah^ng with some 
camphor in acetone. It is used in the manufacture 
of toys, combs, plugs, switches and other similar 
articles. 

(b) follodian :—It is a less nitrated cellulose, used 
in photography and is covering up wounds as a 
chemical skin. 
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cellulose^'i-Un*”® “ slightly less nitrated 

cellulose than gun cotton* Pyroxyline is lartrelv 

used for the manufacture of cellulosrpihL 

2 Starch i-CeOioU.-. 

varfou^for^ product, stored up in 

storage ,v 7 P'^ors. as a 

sfi^ch arL n . ■ , '""f ir^Portant sources of 

Starch are potatos, wheat and rice. 


' /' >, t' ’ ' 

y-- v^" 

L yy' 


Potetfn Sf>*irh 


V/h^rit 

Fig* 47. 
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Properties of starch 

Physical, 


Starch grains have characreristic appearance as 
seen under a microscope. They are made up of 
Concentric layers surrounding a nucleus. They, 
hmvever, differ in shape and size, as obtained from 
different sources. Starch is insoluble In cold water. 
Dut at about 85 C, starch grains swell up in 

water and brust open, forming a colloidal solution, 
which sets to a Jelly. 
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Chemical. 

(1) Starch, heated to a low temperature is changed 
into dextrin, but, when heated to a high range of 
tempetature, it gives the same products as we get, 
when wood is subjected to destructive distillation, 

(2) Starch turns blue, when treated with free 
iodine. The colour is discharged by heating but 
reappears on cooling. It is a sensitive test for 
starch. 

(3) Starch turns bright yellow, when treated with 
free bromine. 

(4) Starch is hydrolysed by several enzymes 
differently, 

1. Diastase converts it into maltose, 

2. Ptyaline converts it into glucose. 


Di amides. 
Carbamide or area. 


It is a dhamide related to ammonium carbonate. 


/O.NH4 

o-cc 

Ammonium 

carbonate. 


heated 


/NHa 

0=C<; -r2H.,0 

Carbamide 

or 

Urea. 


Urea is a vehicle for nitrogen excretion from 
animal bodies. It is present in sufficient quantity in 
animal urine, from which it was first obtained in 
1773. In 1828 Wohler obtained urea by simply heat^ 
ing ammonium cyanate. 


Preparation ol urea. 


It is prepared in the laboratory by heating a 
mixture of potassium cyanate and ammonium sul. 
phate. 
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Reactions* 

(1) 2KCN0+(NH4)2S04=2NH4.CN0+KaS04 

' Ammonium cyanate. 

(2) NH 4 —C = N=0 = 0=CC 

^NHa 

Ammonium Urea, 

cyanate. 


Synthesis of urea. 

Is is synthesised from its elements in the follow¬ 
ing way 

Carbon is burnt in a limited supply of air. The 
carbonmonoxide formed is treated with tfl^lorine 
gas. The carbonmonoxide is changed int:<S;,<?arbonyl 
chloride or phosgene; which, when treafed with 
ammonia, is transformed into urea. 

Reactions. 


(1) c+o = co. 

/Cl 

(2) C=0 + 2C1 = 0 = CC 

^C1 

Carbonyl chloride 
or 

Phosgene. 


(3) 0 = C 


/'Cl + H^NHa 

\CI + H!.]SIHa 


/NH. 

-»0=C<; +2HCi 
Urea. 


Properties of area 

Physical, 

Urea is a colourless needle shaped crystalline solid, 
soluble in water and in alcohol, but insoluble in 
ether. It is almost colourless and has a saline taste. 
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Chemical, 

(1) Urea, when heated strongly, is changed inta 
buret. 

NHa-CO-NH.-f H'; .HN—CO~NHa 

Urea, Urea. 

NHa-^NH,—CO~HN-CO—NH 2 

Biuret. 

(2) Urea, on being hydrolysed is changed into 
ammonium carbonate. 

o=c< 

^NH, + H02 ^O.NbU 

Urea. Ammonium 

carbonate. 

(3) Urea, being treated with nitrous acid, is 
decomposed into carbondioxide, water and nitrogen. 

H, N i- CO-N H., Urea. 

' I I 

Nitrous acid. ON. (OH.OHIN O Nitrous acid. 

i ' ' 


Ha 0 iN^|H,,C 03 N 2 ,H »0 


I 

H.O+COa 

(4) Urea, on being boiled with caustic soda, 
evolves ammonia and forms sodium carbonate. 

NH.,-! CO- jNHj 
H i ONa 

I ONa- H 

NHalNajCOaiNHs 
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(5) Urea, on being treated with sodium hypobro. 
mide, gives sodium bromide, water and evolves COj 
and nitrogen.. 



Biuret test of urea. 

Heat urea strongly in a test tube. The urea is 
changed into biuret. Dissolve it in a little water. 
Add to it a dilute solution of copper sulpliate. 
Make the solution alkaline. A violet colouration 
is imparted to the solution. 

Proteins. 

Proteins are higlily complex nitrogenous bodies, 
containing C, O, H, P, S and nitrogen. Such 
bodies are found m plant cells and also in secretions 
from certain organs of animals. They are colloidal 
in nature, on account of which, a systematic study of 
proteins could not be made and we know so little 
about them. 

General characteristics of proteins. 

(1) They are decomposed at a low range of tern., 
perature and are of high molecular weights. 

(2) Being colloidal in nature, their, particles in 
solution are electrically charged. They are posi, 
tively charged in acid solutions, and negatively in 
the basic. 
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(3) Proteins are hydrolysed by strong HCl and 
certain enzymes into compounds of simpler mole¬ 
cules and ultimately, these compounds of lower mole¬ 
cular weights are decomposed intq amino acids, 

(4) Proteins dissolved in an alkaline medium, 
when treated with a dilute copper sulphate solution 
develops a violet colour (biuret test). 

(5) Proteins give red colouration with Millions 
reagent. 

Note ^—Millions reagent is a solution of mercu¬ 
rous and mercuric nitrate in water, having free 
nitrous acid. 

(6) Proteins, having sulphur in their constitution, 
when boiled with strong caustic soda and lead 
acetate, give a black precipitate. Non-sulphur pro- 
tiens do not respond to this test. 



CHAPTER XL 

UNSATUBATED HYDBOCABBONS 

Refering to ethylene and acetylene mentioned on 
page 7, we know, that, there may be two classifica¬ 
tions of unsaturated liydrocarbons. 

/ 

1, Ethylene or olifine series, 

2. Acetylene series. 

1. The hydrocarbons of Etbyleoe or Olifine series 

are those, in which, one of the four bonds of each 
of the two adjacent carbon atoms remain unsatisfied; 
as for example :— 

H H 

I 1 

(1) H--C—C—H Ethylene or ethene. 

i 1 

H H H 

I 1 I 

(2) H—C—C—C—H Propylene or propene* 

' i i 

H 

H H H H 

III! 

(3) H—C—C—C—C—H fit —Butylene or 

( I I I fit —Butene. 

H H 

H H H H 
I I I i 

H—C—C—C—C—H —Butylene or 

i 1 I I p —Butene. 

H H 
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In the constitution of these hydrocarbons ; the 
pair of unsaturated bonds can never remain free. 
Hence, they combine to form a double linkage 
between the two adjacent carbon atoms. The mole, 
cules of the members of Ethylene series are, hence, 
represented graphically as shown below 

(1) CH 2 =CH 2 Ethylene or ethene. 

(2) CHh—CH = CH 2 Propylene or propene. 

(3) CHs—CHa—CH=CH .2 ®—Butylene or 

ct—Butene, 

CHa-CH=CH-CH 3 J3 Butylene or 

/S- -Butene. 

2. The hydrocarbons of Acetylene series are 
those, in which two of the four bonds of each of 
the two adjacent carbon atoms remain unsatisfied ; 
as for example : — 

I f 

(1) H—C—C—H Acetylene. 


( 2 ) CH 3 —C--C—H Allylene. 


In the Constitution of the molecule of these hyd, 
rocarbons, the two pairs of unsaturated bonds, never 
remain free ; but combine to form a triple linkage 
between the two adjacent carbon atoms. The 
molecules of the members of At'Ctylene series are, 
hence, represente^^graE>hically as shown below r-'- 

(1) CH=CH Acetylene. 

(2) CHb~C = CH Allylene. 
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i. Etlyleoe Series. 

Typical member. 

Ethylene 

Preparation. 

A mixture of ethyl alcohol and st ronK H.,SO i in 
the proportion by volume 1:2 is taken in a tlask 
fitted up with a dropping fuunel D, containing some 
alcoholic mixture in the same proportion as that 
taken in the flask. The flask is heated over a sand 
' bath to 160^C, till a regular stream of ethvleue gas 
is evolved along with some etiiy] alcoiit)! v.if>«>ur. 




OO.j and SO,. To prevent frothir.g .i 
of sand is aho taken in the flask, 


ii i'ir luintitv 
i .'C evolution 


of the gas siaclcens, more of the alcohv../-. 
gradually introduced from the tlro'>pin r 


ixt (ire is 
uonel D, 


rliroLigh its stem drawn out to a jet, w‘;f'ii [i 

bent to prevent the escape of^iic erl-.ylene gas 


up the dropping funnel. The impure ctiOlene 
gas passes through the wash bottles A, B ana C, iiefore 
it is collected by downward displacement of water 
as shown in Fig. 48. The alcofiol vapour condenses 
in A and KOH solution contained in B ahd C 


absorbs CO.j and SO.j. 
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Properties. 

Physical. 

Ethylene is a colourless gas, insoluble in water- 
it has a faint sweet smell. It acts as an anaesthetic, 

Chemical. 

(1) Ethylene burns in air with a smoky flame and 
in chlorine gas, it burns with a red flame. 

(2) Ethylene enters into a number of reactions, 
forming additive products as noted :— 

(a) In the presence of finely divided nickel, 
(acting as a catalyst) ethylene forms ethane (an addu 
tive product) with hydrogen. 

CH,-CH 2 + 2 H -> CH 3 —CHn 

Ethylene. Ethane. 

(b) Ethylene forms additive products with chlo. 
fine, bromizie and iodine, yielding dihalogen 
products. 

CH,-CH,+Br, CH.Br—CH^Br 

Ethylene dibromide. 

Brown colouration of bromine water is discharg¬ 
ed by passing ethylene gas through its solution. 
(Distinction from saturated hydrocarbons). 

(c) Ethylene decolourises a pink solution of 
potassium permanganate. (Distinction from saturated 
hydrocarbons). 

Reactions. 

(1) K,Mn.Ob = K,0-EMnP7 

( 2 ) Mn.Ov “ 2Mn0+50 

(3) 5H,0-l-50 = 

(4) - CHa(OH)-CH 2 (OH> 

Glycol. 

(5) CH 2 .OH—CHo.OH +30 *->H 20 -E 2 H.C 00 H 
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Note •—But on vigorous oxidation all compounds 
having double linkage between two adjacent carbon 
atoms are decomposed into two molecules of fatty 
acids. The decomposition of such compounds take 
place only at the double linkage. From the nature of 
the acids formed during riie vigorous oxidation, the 
position of the double linkage in the molecule of 
higher homologues of ethylene series can be deter, 
mined. For example • — 

(1) CH3=CHo+20. H.COOH + H.COOH 

Ethylene. Formic acid. 

(2) Propylene on vigorous oxidation gives a mix¬ 
ture of acetic and formic acid. 

CH;,—CH=CH,-f 20. CHfl.COOH + H.COOH 

Acetic acid. Formic acid* 

(3) of-Butylene on vigorous oxidation gives a 
mixture of propionic and torruic acid, whereas, 
/S^butylene gives only two molecules of acetic acid. 

U) CH.r--CH.-CH-CH,^202 

a.Butylene. CH;r CHa.COOH + H.COOH 

Propionic acid. Formic 

acid. 

(2) CHa—CH-CH-CH 3 + 2 O, 

/^/-Butylene. CH 3 .COOH+CH 3 .COOH 

Acetic acid. Acetic acid. 

(d) Ethylene forms ethylene ozanide with 
ozone. 

CH.. H,C -Ov 

11 “FO3 —> i /O 

CH, H,C-~0/ 

(e) Ethylene reacts with dilute hypochlorous 
acid solution, yielding ethylene chloroliydrin. 

CH, OH CHo.OH 

W h i I 

CH, Cl CH 2 .CI 

Ethylene 

chlorohydrin. 
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(/) Ethylene forms additive products with HCl, 
HBr, HCl and HCN as in (e). 

(g) Ethylene acts readily with strong H2SO4 form¬ 
ing ethyl hydrogen sulphate, which, if heated gives 
out ethylene and HJSO4. 

(1) CH2-CH,+H.HS04 -> CH3.CH2.HSO4 

Ethylene. Ethyl hydrogen 

sulphate. 

(2) CH3.CH.2.HS04 -> CH 2 =CHa+H 2 S 04 

Ethylene- 

Note :—This rencrion is helpful in purifyipg ethy¬ 
lene gas. 


Again, 

Ethyl hydrogen -.^ulphaic, when boiled with w^atet, 
yields ethyl aK'olu'l. 

C11;>CHJHS04 Ethyl hydrogen sulphate. 

OMiH Water. 

CH3.CH. .oh;h,so4 

Ethyl alcoitol. 

Note :■ “This roaciioii is helpful iti synthesising 
jthyl alcohol directly from etliylene. 

ITom a numher of reactions just studied, we have 
learnt rbai the compounds, having double linked 
. carbon atoms readisv iorm additive products wdth 
HCl, HBr, HI, HCN, HCIO and In higher 

homolog lies of olefine series, the electro negative 
elements like Cl, Br, 1 or the radicals like CN, CIO 
and HSO i, always added to that doubly linked 
carbon atom, which has lesser number of hydrogen 
atoms. For example ;— 

If propylene were to act on HCN, the cynogen 
group will go to the carbon atom having lesser nuni. 
her of hydrogen atoms. 

CH3~-CH»CH.2 + HCN ->CH3.CH(CN).CH3. 
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Uses ot etbelyne. 

(1) It is used in fruit preservation. 

(2) It is used in the synthesis of a number of 
organic compounds. 

(.3) It is used in the manufacture of mustard gas. 

(4) It is also used as an anaesthetic. 

Note :—The members of echylenc series are also 
known as ^'olefines’* since, ethylene dibromide, dis. 
covered in 1795 by four Dutch Chemists, is as an oil 
obtained from ethylene and hence, called “Olefant’ 
or oil forming gas. 

Baeyer's Strain ibcor.v o? double linkage. 



JOHMN VON BaEYAR. 

He is the founder of the Strain Theory, 

Unsaturated hydrocarbons, arc chemically very 
active and the maximum reactivity of ethylene and 
other unsaturated hydrocarbons, is shown at the car¬ 
bon atoms doubly linked. Baeyer, a German Chemist, 
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has accounted for the great chemical activity of the 
unsaturated hydrocarbons, as due to a kind of strain 
between the two carbon atoms doubly linked. 

The evidence, detailed < in the sterio-isomerism 
of tartaric acid, indicate that the four valen.. 
cies of every carbon atom in the molecule of an 
organic compound, are distributed in space and are 
directed towards the angular points of a tetrahedron 
with a carbon atom at the centre. Baeyer advances 
his strain theory to explain the reactivity of the 
unsaturated hydrocarbons, by assuming, that each 
of the four bonds of a carbon atom behaves as a 
spring. In an unsarurated compound like ethylene, 
the two unsatisfied spring bonds of the adjacent car^ 
bon atoms unite to form a Jouble linkage under a 
strain, as indicated by bulging out of the double 
bonds. 

Since, the exact nature of distribution of valencies 
in space is difficult to draw, an attempt is made to give 
an idea of Baeyer’s strain theory of double linkage by 
representing the structure of a molecule of ethylene 
with the help of a model sketch, in which, the four 
bonds of each of the carbon atoms are dra.vn as 
spring, all in one plane. 

The model sketches of ethylene molecule. 



H H 


Model sketch No: 1. Model sketch No: 11. 
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Compounds, having free bonds, do not exist. 
Hence, the free spring bonds unite to form a single 
spring bond B, as shown in the model sketch No: II 
page 262, resulting in the displacement of the spring 
A, which consequently bulges out. 

The two carbon atoms (in the model sketch No-* II), 
of ethylene molecule has, thus, a double linkage 
under a strain. 

Ethylene, however, when acts on two atoms of 
hydrogen, one of the double spring bonds B, readily 
breaks up into two halves ‘*a’’ and “b'\ each combin, 
ing with one atom of the hydrogen. The other 
spring bond A straightens up, releasing the strain of 
the double linkage. The unsaturated hydrocarbon 
is changed into saturated, as shown in the following 
model sketch No: III and IV. 


H 


H 





+ 2H 




H H 

Model sketch No: HI. Model sketch No: IV. 


Ethylene, 


Ethane. 
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2. AcetyleDe Series. 

Typical member. 

AcetyleneCB=CO. 

Preparation of acetylene. 



Acetylene is prepared by adnutting water froip. 
a dropping funnel into a Woulf’s bottle containing 
calci uiu carbide, which is hydrolysed, evolving ace¬ 
tylene, mixed with phosphine, ammonia and H 2 S as 
impurities. 

Reaction. 

yC-hH.OH /OH CH 

Ca>. Ill -» + III 

y + H.OH ^OH CH 

Calcium carbide. Acetylene. 

The impurities of the acetylene gas are removed 
by passing the gases through a wash bottle, contain, 
ing a solution of cupric sulphate, as shown in Fig. 
No. 49. The gas is collected by the downward diS:.^ 
placement of water. 
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Synthesis of acetylene. 

Acetylene is synthetically obtained by passing a 
high voltage electrict current between two carbon 


Hydroiien 



electrodes in a bulb, through the one end of which 
hydrogen gas is passed, as sliown in Fig. No. SO. 
The acetylene gas comes out tiirough the otlicr end. 

Fropertles. 

Physical. 

Acetylene is a colourless gas, smelling like garlic, 
when the gas is impure. It is slightly poisontius, It 
is easy to liquify the gas. Acetylene as a UiC^uid is 
very explosive. 

Chemical. 

(1) Acetylene burns in air or oxygen with a bright 
flame. A flame produced from a jet of acetylene 
gas in a regulated supply ot oxygen is known as 
oxy..acetylene flame, which is used in welding 
processes. 

(2) Acetylene, on decomposition, liberates a large 
amount of heat energy and hence, it is an endo¬ 
thermic compound. 

(3) Acetylene gives additive products whth hydro¬ 
gen, halogen, halogen acids and also hypochlorous 
acid, exactly as ethylene does. 
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(4) Acetylene combines with strong sulphuric 
acid, forming ethyl dihydrogen sulphate, which, on 
decomposition evolves acetylene. 


(1) CHECH4- 


H.HSO 4 


CH«—CH 


/ 


HSO 4 


8 — 

H.HSO 4 ^HS04 


Ethyl dihydrogen 
sulphate. 

(2) CH 3 -CH(HS 04 )^ CHeCH+H,S 04 

Ethyl dihydrogen Acetylene, 

sulphate. 

Note .*—This reaction is used in purifying acety, 
lene gas. 

Again, ethyl dihydrogen sulphate so obtained, 
when hydrolysed, yields acetaldehyde. 

y'HSO.t Ethyl dihydrogcn sulphate. 
CH«- CH<; 

^HS04 


O Ho Water. 


CH3—C-O 2Hb'04 

1 

H 

Nolte The reaction is used in the synthesis of 
acetaldehyde and acetic acid. (Pages 138 and 139). 

(5) When acetylene gas is passed into an ammo, 
nical solution of cuprous chloride, we get a red 
precipitate of cuprous acetylide. 

CoH^-hCuaClj’t HoO —> 2HC1+CujC2.H aO 

Cuprous acetylide (Red). 

Note:—This reaction is used as a test for acetylene. 

( 6 ) When acetylene is passed through a red hot 
combustion tube, we get benzene, (the parent aroma, 
tic or closed chain hydrocarbon), as a condensation, 
product of the gas. 

3CH = CH CoHo 

Acetylene. Benzene. 
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Grlgnard reagent or OrgaDometallic Compound. 

yCMs yK 

or 

^Br 

Preparation. 

Take 2 grams of dry and clean magnesium pow¬ 
der in a flask fitted up with a reflux condenser, 
introduce 20 c.c. of ether and about 3 c.c. of an 
alkyl halide. If there is no reaction, just warm it 
after iO minutes waiting. As the reaction proceeds, 
the metal disappears after some times. On evaporat¬ 
ing the solution, theCrignard reagent crystallises out 
along with ether. Tlie composition of the crystalline 
Grignard reagent is Mg.KX.2(C2H.-5)jO. The ethereal 
solution of the reagent is, iiowever, used in all syn¬ 
thetical reactions. Tiie ether does not seem taking 
part in the reactions. 


Synthetical uses of Grignard reagent, 

(1) Synthesis of h}ldrocarbous from the reagent. 


(a) By hydrolysing the reagent. 
-R+H.OH ^OH 

+ K—H 


Mg\ 


y' 

-» Mg<^ 

‘X ^X Hydrocarbon. 

(h) By the action of alcohol on the reagent. 
.R4-HO.R .O.R 


Mg 




\ 




-bR~H 

‘X Hydrocarbon. 

(c) By the action of a primary or a secondary amine 
■on the reagent. 


Mg 


/R+H.HN.R /HN.R 

Mg/ +R—H 

NX Hydrocarbon, 


\ 


X P. amine, 
R 


Mg 


/ 


R+H—N 




N 


/ 


R 


'^R -> Mg^ '^R +R—H 


^X S. amine. ^X Hydrocarbon. 
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(2) Synthesis of blither hydrocarbons from, the 
reagent. 

By the action of an alkyl halide, 

/R+R—X yX 

Mg^ +R-R 

^ Higher hydrocarbon. 

(3) Synthesis of alcobols and phenols from the 
reagent. 


(a) By the absorption of oxygen and subsequent 
treatment of the oxiginated product ivith a mineral 
acid we get a alcohol or a phenol. 


(i) Mg 


/ 

\ 


R 

X 


R 


+ 0-^0 


/ 

\ 


R 

MgX 


(ii) O R-~ OH4*Mg 

MgX-f HX 


or, 


(i) Mg 


\ 


X 


4-0 


>o< 


X.Mm 


(ii) O 


yC,.Hs ‘ H.X 


./ 


X 


\ 


X.Mg 


C,,H,.OH4-Vlg<: 
Phenol- ^X 


(4) Synthesis of tbio-alcobols from the reagent. 
By the action of sulphur on the reagent. 


^X 


(i) S + Mg^ S<^ 


R 

MgX 


(ii) S 


/ 

\ 


R 


MgX 


4-H.X -> R—HS + Mg 


/ 


Thicv 

alcohol. 




X 

X 
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(5) Synthesis of a primarjf alcohol from the 
reagent. 

(a) By the action of formaldehyde on the reagent. . 
(Reactions proceeding in two stages). 

yO— yO-MgX 

U) H—CC -fMg.X.R n ~ c\ 
i ^ I 

I I 

H H 

An additive product. 

o--;Mgx-hOH.|H on .x 

{ii) H—H Cv 

1 ^R I 

I ( 

H H 


'^OH 
1'. AlcoKo], 


(i) 


(b) By the action of ctnylenc oxide on the reagent. 
O H f-* Hii. i V 

i yO i'Mu.R.X I 

CH./ CH,.O.MgX 

An :ulduive product. 


(ii) CH-.R yX 

I R OH, -CH..OH + Mg<' 

CHuO.vtgX d. alcohol. >X 

(6) Synciiesis of a sacoudary alcoliOl iroiu the 
reagent, 

(a) By the action of an aldehyde cxcejpt forrnalde^ 
hyde. 

(Reactions proceeding in two stages. 


(i) R C<^ 


O 




R 

X 


R--C 


/ 

\ 


O—MgX 
R 


H 

An additive product. 


H 
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(ii) R-C<( 


O—iMgX+OHI.H 


I 


w 

H 


yOH yOH 

R-CC 4Mg<^ 

H 

S. alcohol. 


(b) By the action of ethyl formate on the reagent, 
(Reactions proceeding in three stages), 

yO— yR yO~MgX 

—r/ +MgC -> H--Cr 


(i) H-C^ 


(ii) h-ccQ 


I 
I 

OC.Hs 

,0—MgX 




r'^R 

i 




R 


OC,H., 

An additive product, 
/O-MgX 

H-~cr 


\ 


R 




OC,Hr»-+-MgX'*R R 

A substitutive product, 

O—IMg.X.OH.H yOH yOH 

(iii) H-C< - +Mg<; 

* ^R ' ^R ^X 

I I 

R R 

S. alcohol. 

(7) Synthesis of a terttflry alcobol from the rea« 
gent. 

(a) By the action of a ketone on the reagent. 
(Reactions proceeding in two stages). 

yO~ yR yO-MgX 

r MgC -» R—C< 

^X 1 ^R 


(i) •R~(?<^ 
R 


R 

An additive product. 
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(ii) Rv vO—iMg.X-t-OHl.H Rv .OH' 

>C< R^C-OH+MgC 

T. Alcohol. 

c 

(b) By the action of an ester of a fatty acid except 
a formate, 

(Reactions proceeding in three stages). 

.O—MgX 

■> R— 


.O- yK 
(1) R-C<^ +Mg/ 


I 

I 

OR 


X 


\ 


R 


OR 

An additive product. 

/O—MgX .O—MgX .OR 

(ii) R~C< •-> R—C<; +Mg< 

^R I^R 

I 

:OR-!'MgX'.R R 

A substitutive product. 


C>--(MgX + OHi.H Rv 

R-OC--' 

r/ 

T. Alcohol. 




X 


(iii) R—R^C-OH»Mg^^ 


I ^R R^ ^OH 

} 

R 

(c) By the action of acid chloride on the reagent, 
(Reactions proceeding in two stages). 

O- yX xO.MgX .X 


(i) R—C<^ 


^ R—-uxx../ 


R 


'\ 


R 


+Mg 


\ 


Cl 


iCl+Mg.XuR R 

OHMgX+OH.'.H R 

(ii) R-C<( 






‘R 


-> R-$C—OH+MgC 

R/ > 


X 

OH 


T. Alcohol. 


R 
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(8) Synthesis of a ketODC from the reagent, 

{a) By the action of an amide on the reagent. 

(Keactions proceeding in three stages). 

/0-- .X /0--MgX 

(i )K -C{ -fMg/ R—C<^ +HR 

I ^ i ^R 

i I 

NH, H-f-R.iMg.X NH.Mg.X 

^n intermediate com* 
pound. 


The intermediate compound so obtained is hyd, 
roliscd hy tliiee molecules of watcr$ giving a dihyd, 
fvjxy unsrahle compound. 


/O XI gX 4-11.OH 
(ii) CC 

: 

NH.Mg.X riH.O 


(ill) 'V'. yOH Rv 


'^R 


OH 


'-> R - f2Mg 


y.OH 

\x 

f NHh 


01-1 

Dihydroxy unstable 
compound. 


) / '\0H R ^ 


C ---o 


Iv 


K 


Ketone. 


(b) By the action oj an alkyl cyanide on the reagent. 
(Reactions proceeding in two stages). 


(i) b --C 


/ 


N- 


■rMg<; R~-CT 

\x 


R 


N—Mg.X 
An additive product. 

The additive product is hydrolised by two mole, 
cules of water and we get a ketone. 
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/R Rv yX 

<ii) R—a< -» JC-OxNHs-MgC 

^'N- Mg.X ^ 


O HJ 


K' 
Ketone. 


OH 


.OH 


(9) Synthesis of CarboxyllC add from the rea. 
"gent. 

By the action of carbotidioxide on the reagent, 

(Reactions proceeding in two stages), 

✓ yR ^R 

(i)O-CC +M8< -^o«c< 

^O.MgX 


^o- 

R 


/IV O /OH 

(ii) O-CC R Cv 4-MgC 

^O.Mg.X= ^OH ^X 

Fatty acid. 


H OH 


(10) Synthesis of dithio CarbOXyllC acid from the 
Tcagent, 

By the action of carbon disulphide on the reagent, 

(Reactions proceeding in two stages). 

-R ^R 


(i) S-C^ +M 

'S- 


/ 


-> s=c 






(ii) S«C^ 


R 


S-Mg.X 


X 


S-iMg.X| 
H .OHi 


R-Cv +Mg<; 

^SH ^OH 

Dithio carboxylic acid. 


(11) Synthesis of SlliCOO tCtraatbjfl from the rea* 
gent. 
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By the action of silicon tetrachloride on the reagent. 

CoH Cl 

SiCl4+4Mg<^ ^ ° -♦ Si(C3H5)4+4Mg<^ 

Silicon tetraethyl. 

(12) Synthesis of lead tetraethyl from the rea¬ 
gent. 

By the action of lead chloride on the reagent, 

yCoHr* /Cl 

2PbCh + 4Mg<' Pb+Pb(C,Hrj4 + 4Mg<' 

Lead tetraethyl. 

Note :—Lead tetraethyl is used as a constituent 
in the anti-knock fuels, which burn smoothy under 
compression. The mixture of petrol vapour and 
air under high compression may explode pre-maturely 
of the motor cylinder before the piston head reaches 
the end of the cylinder, causing the engine a 
‘*knock’*. This causes a great loss to the engine 
power. Lead tetraethyl, when mixed with petrol, 
does not allow the fuel to explode prematurely^ 
Hence, it is used as anti.knock in fuels. 



CHAPTER XII. 

CLOSED CBAIN OK AROMATIC COMPOUNDS. 


The compounds, derived from the paraffin hydro¬ 
carbons are known as aliphatic or opeo chalD com« 
pounds, whereas, those, derived from benzene are 
known as aromatic or closed chain compounds. 

Benzene (CfiHe) is the parent hydrocarbon and 
toluene (CsHs) is the second member of the family 
of the aromatic hydrocarbons. These two hydro¬ 
carbons are graphically represented, as already 
shown on page 8. 

Benzene was discovered by Faraday in 1825, as a 
product of the destructive distillation of fats and 
vegetable oils. Later, it was prepared by the dis.. 
tillation of the gum benzoin with lime is the 



appatatus as shown in Fig. 51. At present, it is 
obtained on commercial scale by the fractional 
distillation of coal tar, which is one of the important 
products of destructive distillation of coal. 
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ManoractDre of Benzene and Toluene. 

Coal, on being subjected to destructive distilla¬ 
tion, yields the following products •'— 

1. Solids :—Col^^e and gas carbon. 

2. Licfuids •'—(1) Amrnonical liquor and 

(2) Coal tar. 

3. Gases Coal gas. 

The coal gas is next fractionally distilled and the 
following distillates are collected at different ranges 
of temperature:— 

1. Light Oil • — Collected between 110°C and 
120°C mostly containing (1) bonzene and (2) tOlUOne. 

2. Middle Oil •—Collected between 120°C and 
240°C mostly containing (1) pbonoi and (2) Nuphtbu- 
lein. 


3. Heavy Oil •—Collected above 240'^C contain¬ 
ing amongst other compounds antbraculo. 

Thus, benzene and toluene are commercially 
obtained by the fractional distillation of the light 

oiL 


Before entering into other evidences leading to 
the constitution of benzene, it would be desirable 
at present to accept KfibOleS hexagonal formula of 
benzene, as derived from Bertholot's synthesis of 
it, suggesting an alternate double linkage in the 
benzene ring of six carbon atoms as shown below :— 
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Bertholot*S synthesis of benzene from acetylene 
led Kekale to suggest an alternate double linkage of 
the carbon atoms in the benzene ring. 


H--C 

+ 


H 

I 

C 

- 


C-H 


H 

ci 

z" \ 

H-C C-M 


H -C C-H 

\ " 

C 

I 

H 

Three yio'ecufes 


H-C 


C-H 


C 

I 

H 

Benzene 


The simplified graphic representation of the benzene 
and toluene, along with their aryls, as adopted con. 
ventionally are given below .*— 

Note .‘-—Aryls in the study of aronnitic conv 
pounds are used for alkyls of the aliphatic series. 


— 

/ 


CHj 

A 


A 


CHr 

A 

V 

Benzene 


v 

Toluene 


\/ 

.’'hent/J 


u 

Ber.ztf/ 


A B C 0 


A=Benzene. B = Toluene. 

C—Phenyl, which is the mono..valent aryl of 
benzene. 

D== Benzyl, which is a mono-valent aryl of tol¬ 
uene —the hydrogen atom dropping out from the side 
chain of the toluer^e* 
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Some important conventional terms used in connect 
tion with the benzene ring, 

(1) Each of the six carbon atoms of the benzene 
ring is termed the caroou atom of the nucleos. 

(2) Each of the carbon atom attached to any 
of the six carbon atoms of the nucleus is known as 

the carbon atom of the side chain. 

(3) The replacement of hydrogen atoms of 
the nucleus by other elements or groups is defined as 
the chemtral change at the nucleus ; whereas, when 
a hydrogen atom of the side chain is replaced by 
other element or group, the replacement is known 
as the chemical change tn the side chain. 

(4) The dLsubstitution products formed by the 
replacement of the two nuclear hydrogen atoms of 
the adjacent or alternate or opposite carbon atoms of 
the benzene ring, are respectively called, ortho, meta 
or para isomers of the compound, as shown below :— 



Note '— The letter X has been used here to indicate 
any monovalent element or group in the nucleus* 
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i 

Cram Browa and Gibson’s Rale. 

If a di.substitution product is derived from a 
mono substitution product of benzene, the position 
of the second substituent in its three isomers (ortho, 
meta and para) relative to the first say “X”, can 
be, predicted by Cmm Brown and Gibson’s Rule, 
according to which, if HX (the hydride of the mono¬ 
substituent) of the benzene ring is such, as can be 
directly oxidised to HXit; then, the disubstitution 
product will be the meta ; otherwise a mixture of 
the ortho and para. 

In other words, if the mono-substituent 
in benzene is —NOa, —COOH, —CHO, -HSOs, 
—CN or —CO.R, the dLsubstitiient will occupy the 
meta position, but, if “X” is —Cl, —Br, —I, —NHa, 
—NHR, ‘-NR^, —OH, — CH 3 , the di-substituent 
will occupy ortho as well as para position. 

General characteristics of benzene and other arc* 
matte compounas. 

(1) Aromatic compounds have a larger percentage 
of carbon atoms, than those of the aliphatic series 
have, 

(2) Aromatic compounds, hence, burn with a 
smoky flame. Aliphatic compounds generally burn 
with a non^moky flame, 

(3) Benzene and other aromatic compounds have 
a very stable core of six carbon atoms. Under suit¬ 
able experimental conditions, all such aromatic com¬ 
pounds, as have more than six carbon atoms, are 
converted into a compound having a stable core of 
six carbon atoms. 

(4) Chlorination or Bromination. 

The nuclear hydrogen atom of benzene is replac¬ 
ed by chlorine or bromine at ordinary temperature 
in the absence of light and the presence of a catalyst 
like, iron, aluminium, yielding substitution product* 
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Reaction, 



iH+Cll-Cl 



Cl+HCl 


Benzeae also gives addititive products with chlo^ 
rine or bromine in the direct sunlight without a 
catalyst. 


6C1 


Benzene. Hexaxhloro 

benzene. 

Open chain saturated hydrocarbons never give 
additive products. (Distinction from closed chain 
compounds). 

Notes •'—(1) It can be experimentally shown that if 
every one of the six nuclear hydrogen 
atoms of benzene is replaced in turn by 
chlorine or bromine, all the six mono- 
chloro or bromo substitution products 
will be identical. 

(2) The monoxhloro or bromo substitution 
product of toluene will be able to exist 
in four isomeric forms, namely ortho, 
meta and para and lastly benzene benzyl 
chloride or bromide, in which case 
substitution takes place in the side 
chain. 
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(3) In the absence of halogen carrier e.g. 
Fe or Al, if toluene is chlorinated or 
brominated at boiling temperature, the 
substitution takes place in the side 
chain. 

(4) The dixhloro or di-bromo compound 
obtained from the mono derivative will 
be a mixture of the ortho and para 
variety (Crum Brown and Gibson's Rule). 

(5) l^itration. 

Strong nitric acid readily acts on the nuclear 
hydrogen atom of the ring, giving nitro-siibstitution 
product. The nuclear hydrogen atom combines with 
(OH) group of the nitric acid (OH.NOa), forming 
water. The nitro group (NOj) takes up the place 
of hydrogen in the nucleus. 

Reaction. 



Notes •—(1) The hydrogen atom attached to u cari')on 
atom in an open chain compound never 
acts on nitric acid. (Distinction from 
closed chain compounds). 

(2) The dLnitro compound, obtained from 
the mono-derivative, will be of the 
meta variety (Crum Brown and Gibson's 
Rule). 

(3) Nitration takes place more readily in 
in the presence of strong sulphuric 
acid. 
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(6) Sulphonation, 

Hot and strong sulphuric acid readily acts on the 
nuclear hydrogen atom of the ring, giving sulphonal 
substitution product (sulphonic acid). The nuclear 
hydrogen atom combining with (OH) group of the 
sulphuric acid (OH.HSOjJ, forms water and the 
sulphonal group (HSO 3 ) takes up the place of the 
hydrogen atom in the nucleus. 


Reaction. 



Notes :—(1) The hydrogen atom attached to the 
carbon atom of an open chain compound 
never acts on strong H;»S 04 . (Distinc.. 
tion from closed chain compounds), 

(2) The JLsulphonal compound, derived 
from the mono derivative will be of the 
meta variety (Crum Brown and Qibson*s 
Rule). 

(7) Friedal and Craft's Reaction. 

The nuclear hydrogen atom of the ring is replaced 
by an alkyl, when an alkyl halide reacts on a ring 
compound, in the presence of an anhydrous alurni. 
nium chloride, acting as a catalyst. 

CeHc + CHo.Cl+lAlCUl * CeHs—CH 3 + HCI 

Toluene. +[AlCla] 

Note .*—This reaction is used in the preparation 
of the next higher member of benzene. 
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The bebavioor of the halogen (chlorine, bromino 
'or Iodine) atom attached to the onclens of the benzene 
Ting. 

1. The nuclear halogen atom is inactive towards 
reagents. It is not replaceable by -—OH or —NHa 
group. The attachment of the halogen to the nucleus 
is firm. In the presence of a nitro group in the nuc.. 
leust the stability of the nuclear halogen is, however, 
weakened. 

Note :—The chlorine atom of phenyl chloride 
C6H-..C1 cannot be replaced by (OH) group by the 
action of aqueous solution of caustic soda or potash, 
nor, it can be replaced by ammino group, if phenyl 
chloride is treated with ammonia. But nitro-chloro 
benzene will act on aqueous solution of^caustic soda, 
as well HvS on ammonia as indicated by the reactions 
noted below' •'— 

/Cl + NaOH /OH 

(1) CeH 4 ( -> CoHX +NaCl 

^NOa ^NO., 

Nitro^phenol. 

/Cl +H.NH. /NHa 

(2) C„H 4 < -bHCl 

^NO, . 

Nitro.aniline. 


Fittig's Reaction. 

This is the only reaction, in which the nuclear 
halogen is replaced by an alkyl. When a mixture 
of chloro-benzene and methyl chloride is dissolved 
in dry ether and the solution is heated with metallic 
sodium, the nuclear hilogen is replaced by an alkyl 
or an aryl. 

C 6 H 5 .CI +CH 3 .cn- 2 Na -> ZNaCl + CeHfi—CHa 
Chloro- Methyl Toluene, 

benzene, chloride. 
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Notes •' —(1) The halogen attached to the carbon 
atom of an open chain compounds is not 
stable and is, therefore, easily replaced 
by other groups like —OH and — 
groups. (Distinction from closed chain 
compounds*) 

(2) The halogen attached to the carbon 
atom in the side chain of an aromatic 
compound is replaceable by (OH) or 
(NH 2 ) group as in open chain com¬ 
pounds. Hence, benzyl chloride will 
act on aqueous caustic soda as well 
as on ammonia, yielding benzyl alcohol 
and benzyl amine respectively. 

Reactions, 

(1) CoH5.CH,.C14-NaOH CoH5.CH.,.OH + NaCl 

Benzyl chloride.I Benzyl alcohol. 

(2) CeHn.CHj.Cl-fNH:; Cr.H5.CH,.NH2+HCl 

Benzyl amine. 

The behavloor of the oltro ifroap (NO^) attached to 
the nucleus of the henzeoe ring. 

(1) The reduction of the (NOJ group by a reducing 
agent in an acidic solution (zinc dust and HCl). 

The nitro group is reduced to amino group and 
the nitro compound is thus changed into aniline. 

Reaction. 



A B 
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The reduction of the nitro-benzene to aniline is 
not so simple as indicated above. The reduction 
of nitro-benzene in an acidic solution proceeds in 
three stages. Nitrc.-benzene is first reduced to nitro* 
sobenzene. 

Reaction in the first stage. 

CeHfi.NO.+ZH C0H5.NO + H2O 

Nitrosobenze is next reduced to phenyl hydroxyl, 
amine. 

Reaction in the second stage. 

CgH5 .NO + 2H -> CcHs.NH.OH 

Finally phenyl hydroxylamine is reduced to ani¬ 
line. 

Reaction in the third stage, 

C6H,.NH.0H + 2H C«H5-NH2-FHP 

(2) The reduction (»/ the (NO 2 ) group by a reducing 
agent in an alkaline solution (zinc dust and caustic 
soda) 

Two molecules of nitrobenzene are reduced toge^ 
thcr by six atoms of hydrogen, giving azoxybenzene, 
which on further reduction gives azobenzene and 
finally it is reduced to hydroazobenzene, which in its 
turn is reduced to two molecules of aniline. 

Reactions. 

CoHs-NO. 6H CflH,.Nv 2H CgHc.N 2H 
-h 1 >0 II -> 

CeHs.NO, CftHs.N 

Azoxybenzene. Azobenzene. 

CtfHc—N—H 2H.> 

I ZCgHs.NH, 

CeHs—N—H Aniline. 

Hydroazo benze ne. 
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The behavloar ot the amino group attached to the 
nucleus of the heuzene ring. 

(1) The nuclear amino group (—NH 2 ), when 
reacts with nitrous acid (OH.NO) io cold, is "changed 
into diazonium hydroxyl group (—N = N.OH). The 
reaction is known as diazotization. The diazonium 
compound so formed in Cold, being unsatble, is de. 
composed on warming and evolves nitrogen gas" 
The nuclear amino group is thus replaced by hydl 
roxyl group (—OH) and the aniline is changed into 
phenol or carbolic acid. 

Reaction in cold. 



NH>-fO.N.OH 




N = ]SI.0H -fH.C 


Reaction on warming. 

CoH5.N = N.OH -> C 0 H 5 .OH + N, 

Phenol. 

( 2 ) The amino group (-NH,) is less basic than, 
ammonia, yet « able ^ form salts with acid. 
C.Hs-NHa+HCl -» C6H5.NH3,HC1 
Aniline. Aniline hydrochloride 

salt. 

salts so obtained, when diazotized 
Orcaced with nitrous acid in cold ) yields diazonium 

. HCI Aniline hydrochloride. 


NlO.OHl 


Nitrous acid. 


CeHs—N =N.Cl+2HoO 
Diazonium chloride. 
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The diazonium salts give the following three 
important reactions :— 

(1) Sandmeye/s Reaction, 

The diazonium salts, when warmed with a catalyst 
(an acidic concentrated solution of cuprous salts), are 
decomposed evolving nitrogen gas and yielding 
CoH,-X. 

CeHff—N = N.X CoHn.X-fN, 

Diazonium salt. 

where X may be taken for Cl, or Br, or I, or CN. 
Phenyl chloiide, bromide or iodide or cyanide can 
thus be prepared by warming diazonium chloride, 
bromide or iodide or cyanide with the corresponding 
Cuprous salts. 

Reactions, 

(a) CoH 5 .N = N.Cl*f 2 CuCI C 6 H 5 .Cl + Na + 2 CuCl; 

(b) C«H 5 .N-N.Br+ 2 CuBr ->CcH 5 .Br-l-N.-b 2 CuBr 

(c) C5H5.N = N.H-2 CuI C6H5.I+N2+2CUI 

(d) CgH5.N = N.CN + 2CuCN CgHs.CN ♦ N, 

-fCuCN 

Note —Sandmeyer's reaction, thus, affords a con* 
venient method of directly introducing halogen or 
cyano group in the nucleus of an aromatic corru 
pound. But, since, cyano group on hydrolysis is 
converted into —COOH and on reduction is charged 
into —CHa.NHo, Sandmeyer’s reaction is also use?d 
in introducing —COOH or —CH 2 .NHa group in the 
nucleus indirectly* 

(2) Diazonium salt, when reduced with stannous 
chloride and hydrochloric acid, is changed into 
phenyl hydrazine. 

Reaction, 

C 0 H 5 .N-N.X + 4 H CeHs.NH.NHa-fHX’ 

The phenyl hydrazine so obtained is converted 
into benzene, when it is treated with a solution of 
copper sulphate. 
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Reaction, 

C(jH 5 .NH.NHa+H 20 + 2 CuS 04 CcjHe + Na + CuaO 

+2H2SO4 

(3) Hydrolysis, 

The diazonium chloride on hydrolysis, yields 
phenol, liberating nitrogen and hydrochloric acid. 


CoH5-N = N. 


-Cl 


OH I H 


Diazonium chloride. 
Water. 


C„Hb-OH: Nj |hci 

Phenol. ' 

Notes.*—(1) The amino group (—NH 2 ) attached to 
the carbon atom of the open chain 
Compounds, does not give the reaction 
of diazotisation with nitrous acid. (Dis¬ 
tinction from closed chain compounds), 

(2) An alkyl amine is more basic than 
ammonia, but aniline is less basic. This 
indicates, that the alkyls like methyl 
and ethyl are basic or electropositive ; 
whereas, phenyl is acidic or electronega^ 
tive group. 

The behiYlour ot the hydroxyl group (—OHjattaclu 
ed to the oocleus ot the benzeue ring, 

(1) The character of the nuclear hydroxyl group 
{ —OH) is regarded acidic. 

(2) The hydrogen atom of the nuclear (OH) group 
is replaced by Na or K, when the group reacts with 
an alkali. (Neutralisation). 

CGH,.GH-»-OH.Na CGHsO.Na+H-^O 

Phenol. Sodium phenate 

(a salt). 

(3) The hydrogen atom of the nuclear (OH) group 
is replaced by an alkyl, when the group reacts with 
*\n alcohol. (Esterification), 
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CeHs-OH+ORCiH, -> CeHfi—OCaHs+HjO 

Phenol. Alcohol. Ethtrl phenate 

(an ester). 

(4) The nuclear hydroxyl group is replaced bf 
chlorine, by the action of PCI5. 

CcHg-OH+PCU CoHs.Cl+HCl+PCia 

Phenyl chloride. 

(5) The presence of the nuclear hydroxyl group> 
makes the rest of the benzene ring, much mote 
chemically reactive. 

The behaviour of sulphooic ^roop (—H O^) attach- 
«d to the nucleus of the benzene ring 

( 1 ) The character of sulphonic group ( -HSO^) 
ns strongly acidic. The basicity of the acid depends 
on the number of sulphonic group in tJie nucleus, 

(2) The nuclea sulphonic group is replaced by 
i —OK)or( -ONa) group when treated with KOH 
or NaOH. Ti\e sulphonic acid is thus converted into 
Dotassium ot sodium phenate. 

CoHo.HSOg + h'o.K -> -OK + HaSOg 

Potassium phenate. 

(3) The nuclear sulphpnic group is replaced by 
cynogen group (—CN) when treated with hydro, 
cyanic acid. 

C<.H,.HSOa-^HCN “> CeHfi.CN + H.SO^ 

Phenyl cyanide. 

(4) The sulphonyl group (SO^—OH) is converted 
into (SO^.Gl),(—S 02 .NHjj), (- SO^-^OR) by methods 
similar to those already studied in obtaining the cor, 
responding derivatives of carboxylic group (-COOH). 

(a) CsHs.SOa OH+PCU -> CoHa.SO^.CI+HCl 

+ POCI 3 

ib) C 6 H 6 .SO 2 .OH+H.NH 2 ”>C,,H,.S02.NHa-bH20 
(c) CoHvSO>OH4-OH.R -> C 0 H 5 .SO 2 .OR t H 2 O 
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fiebaFiour of ao alkyl ^roop in tbe oaeleas of 
benzene ring. 

Any alkyl CH3—» C2H5—or CHa.CHi—in the 
nucleus of benzene ring, when oxidised with chromic 
acid is converted into carboxylic acid. 

C0H5.CH3 + 3O C6H5.COOH+HP 

Benzoic acid. 


fieactlons in the side chain. 

The behaviour of halogen (chlorine, bromine or 
iodine), the hydroxyl, the amino, the aldehydic and 
the carboxhlic groups in the side chain are Identical 
with those of the open chain compounds. 

Relation 0! benzene to its derivatives 

We have seen, that the halogenation of benzene 
nucleus, gives halogen substitution products. Dur, 
ing halogenation, the halogen represented by X gets 
attaclied to the aryl called phenyl (A) and the 
phenyl halide is obtained as shown in B, below * — 


NO, 


NH, 


N=NOH OH 


A A A A A A 




K 4> 


I 

o S 
5 

04 a; 


V,V W V 


o ^ 






V 


3 


Likewise, the nitration of benzene nucleus, gives 
nitro,substitution products. During nitration, the 
nitro^group is attached to the aryl called phenyl (A) 
and the nirro.benzene is obtained as shown in C 
above. The nitro-benzene, on being reduced with 
nascent hydrogen gives aniline as shown in D. The 
aniline yields diazoniumcompounds Hand ultimately 
phenol b as shown above. 
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We have seen that by Fittig’s reaction (page 283), 
phenyl chloride is changed into toluene. The side 
chain alkyl of the toluene is bencylas noted below 



A B C D 


By introducing X (chlontu', bromine or iodine) to 
benzyl, we get phenyl halide A>, which, when treated 
with NaOH (aqua), yields benzyl alcohol B. The 
benyl alctdiol on oxidirion gives bcnzylJehyde C, 
w'l»ic.h on tiirther oxidation i', changed into benzoic 
acid D. 

Conversion of open chain componods into closed 
chain compounds. 

(1) Bertholot's synthesis ot benzene from acety¬ 
lene. CoH(. (Kead page 265) 

(2) The synthesis ot mesitylcne, the fourth mem. 
ber of the closed chain hydrocarbon, by thecoru 
den^^ation of three moleciile'> v>f acetone. 

CHa 


CHav 

3 >C=0 « 

Three molecules 
of acetone. 


H-~C C-H 


CHC C—CHa 

/ 

CO 

I 

H 

Mesitylene. 



( 292 ; 

Conversion of closed chain compounds into open 
chain compounds. 

( 1 ) Benzene on being heated with KClOg and 
HV 1 SO 4 is changed into an open chain compound 
known as trichloroacetylacrylic acid, which is repre, 
sented as CCla.CO.CH^CH.COOH. 

( 2 ) Benzene is directly oxidised to maleic acid by 
free oxygen in the presence of vanadium which acts 
as a catalyst. 

Reaction, 

CH.COOH 

-> II +2CO.,-bHaO 

CH.COOH 
Maleic acid. 

Constitution of benzenf^. 

Benzene, having the molecular formula C^H^ji 
appears to be an unsaturated hydrocarbon, isomeric 
with dipropargyl, which is an important menaber of 
diacetylene series of the open chain compound. Its 
constitution is represented as below :— 

CH3.C i C.C i C.CH3 

The only other isomer of this compound has an 
ethylenic constitution as represented below '— 

CHa : C : CH.CH : C : CH.^ 

Benzene ditfers from either isomers of dipro. 
pargyl in the following points :~ 

( 1 ) Benzene gives additive products with chlorine 
or bromine only with difficulty, whereas, dipropargyl 
combines with halogen instantaneously. 

( 2 ) Benzene does not act on even strong oxidis, 
ing agents like potassium dichromate. 

Hence, constitutionly benzene cannot be an iso¬ 
mer of dipropargyl. 
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Kekttli:. 


Ai^ain, Kekule was led to conclude that ben¬ 
zene must contain n of six carl'ion atoms, 

each of which is comined wit h one hydrogen atom, 
ori the considcratitm of cite following important 
properties of benzene :— 

(1) All the dLsubstitution products of benzene 
are known to occur in three isomeric forms--ortho, 
meta and para, in other words, known as adjacent, 
alternate and opposite respecively, tims, the behaviour 
of benzene is suggestive of its ct^nstituticm as having 
the six carbon atoms connected in a ring with one 
hydrogen atom attached to each of the six carbon 
atoms. 

(2) The six mono-substitution produ:ts of ben¬ 
zene, which maybe obtained by replacing one by 
one, all the six hydrogen atoms, Irom the benzene 
ring, are all identical. This behaviours of benzene 
clearly shows that the six hydrogen atoms of benzene 
are all chemically equivalent. 



( 294 ) 


But the position of the fourth valency of each of 
the six carbon atoms in the benzene ring remains 
unaccounted. In an attempt to account fot the 
fourth valency Kekule suggested an alternative 
double linkage giving to benzene the following 
constitution ;— 




\ 

Ladenburg, however, pointed out that if this 
Constitution be adopted, a dLsubstitutiop product 
of benzene should be able to exist in four forms ; 
but as already mentioned, experimental evidences 
show that the dL.subsci:ution product can exist in 
only three forms. 

Kekule in an attempt to harmonise his formula, 
with the experimental facts, further suggested that 
the alternate single and double bonds in the con¬ 
st itutior. of benzene are raoidly oscillating. This 
modification was able to overcome the objection 
raised by Landenburg, but the fact, that in its che¬ 
mical character, benzene is more a hydrocarbon 
of saturated series, than that of unsaturated one, did 
not lend supported to Kekule's idea of double 
linkage. 

Amongst other several formulae Armstrong and 
Bamberger suggested the centric formula to explain 
the saturated character of benzene, but, this also 
has had points of weakness, and did not harmonise 
with the chemical properties of polynuclear ring 
compounds like naphthalein or anthracein. 

Thiele in an attempt to explain the saturated 
nature of benzene ring, has advanced a hypothesis, 
according to which, the affinities of an ordinary 
double linkage is never fully utilized and always 
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leaves “residual valency”. Thiers idea of “residual 
valency” is illustrated in the formula noted below, 
where the dotted lines stands for the “residual 
valency” :— 



r 


According to the views held by Thiele we know 
that, when an unsaturatcd compound yields an addL 
tive product, the “residual valencies” take up the 
work of full valency resulting in the disappearance 
of the double linkage as shown below :— 


X\ 

}C - C< 4-2H 
y/ ^ ^ 


X 


\ 

y 


c-c 


I 


y 

\ 


X 


H H 

An additive product. 


In a system of alternately single and doubly lin. 
kage, according to Thiele hypothesis the “residual 
valency” of the two central carbon atoms are mu., 
tually saturated and hence, addition, in such a 
system will first occur at the two carbon atoms at 
the extremes, as represented below •'— 

HHHH HHHH 

I I i i I I I I 

H—C«C-C«C—H 4-2H H—C- C«C-~C—H 


Such a system of alternate single and double 
linkage has been described by Tielc as “conjugated 
•double bond**. 

The above view, if extended to Kekule's ring 
formula, we can easily look upon benzene as a 
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closed system of “conjugated double bond”, in which 
“residual vslencies” of the alternate two central 
carbon atoms are sufficiently satisfied. 

This explain the saturated nature of benzene.. 
In the light of electronic theory, the formula of 
benzene is shown as below ;— 

H 

• • 

c 

H:C ’ . ’ C:H 

H:C . C:H 

♦ ♦ 

. c . 

• * 

H 

But the X-ray analysis of benzene, shows that the- 
distances between each pair of carbon atom is 1*39"A. 
This length is smaller tlian that of a single bond 
and larger than rhat of a double bond in a compound 
of open chain scries. J. J. Thomson suggested that 
eacfi pair of carbon atoms is linked by three elec¬ 
trons as represented below : — 

. CH . 


HC Cfl 

• • * • ♦ • 

HC CH 


. ’ CH * . 

Thomson’s electronic formula. 

Such a consttiution of benzene is able to explain 
satisfactorily most of the experimental facts except 
the interpretations of atomic linkage in the light of 
wave mechines. 
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Orientation ol Benzene Derivatives. 

We know that the di-substitution products of 
benzene occur in three isomeric forms—ortho, meta 
and para." "Orientation of these derivatives means 
the procedure to establish the constitution of the 
isomers. 

There are two methods in use for the orientatiem 
of benzene derivatives *— 


First method. 

This method is based on the conversion of a 
given di,substitution product t<i be orientated into 
their corresponding di-carboxvlic acids— phthalic acid, 
isophthalic acid, and terephthalic acid, whose cotv 
stitution is already established as ortho, meta and 
para respectively. 

As a general rule, we know that a compound 
(aliphatic or aromatic) ha\dng two canoxylic groups 
(—COOH), attached to the two adjacent carbon 
atoms, are easily decoinposed, on being strongly 
heated, giving its anhydride, as for exantples : — 


(cc) CH^COOH he.itc 

I 

CH.COOH 
Succinic acid. 


CIUCO. 

i ■ )0+Ho0 

Succinic anhydride. 


/N—COOH , , /'^-CO 

heated v 

^O + HaO 

COOH v^^-CO 

Phtiialic acid. Phtltalic anhydride. 


This behaviour of phthalic acid proves tliat in 
its constitution, the two carboxylic groups are attach¬ 
ed to the nucleus of benzene in the ortho position. 
The di^carhoxylic acid of benzene, which on being 
heated gives its anhydride is thus orthnphthalic acid. 
On the other hand, following the synthesis of 
isophthalic acid from acetone, it can be proved that 
the two carboxylic groups in its constitution, are 
attached to the benzene nucleus in the meta position. 
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Reactions. 


CH 3 

,C 


(1) CHs 


H—C 


\ 


C—H 


3 '>C=0 

CH^ 


^3 


Actone. 


CH 3 -C C—CH 3 

'V / 

CO 

I 


H 

Mesitylene. 

(2) Mesitylene ( symmetrical trimethyl benzene ) 
so synthesised, gives mesitylenic acid on oxidation. 

CH, 


CHs-^N-CHa 


\/ 


30 


\/ 


CHs COOH 

(3) Ihe sodium'salt of mesitylenic acid on being 
treated with NaOH, gives meta^xylene. 


13 


CHs --^N-CHs 


NaOH 


\/ 

I 

COONa 

Sodium mesitylenate. 

CH..-|/'^-CHs 

30s 




Meta-xylene. 
COOH—COOH 


' I 

N/ 

Meta-xylene. 


\/ 

Isophthalic acid. 
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Tfie dLcarhoxylic acid of benzene^ which is so 
synthetically obtained from acetone is isophthalic acid. 

The constitution of the three isomeric forms of 
dLcarhoxylic acid of benzene, having been thus 
determined, the terephthalic acid, which is the third 
isomer, must be the para compound. 

The constitution of these three isomers of dL 
carboxylic acid of benzene, being thus, established, 
they are used as standard in ascertaining the con¬ 
stitution of a given di-substitution product by 
adopting the following procedure :— 

(1) The given di-substitution product of benzene 
in first converted into the corresponding di-chloro- 
halogen derivative, using suitable reactions step by 
step. 

(2) Next, subjecting the dUialogen derivative to 
.Fittig*s reaction, both the halogen atoms in the nuc¬ 
leus are replaced by methyl groups. 

(3) Finally, the dLmerhyl derivative, on being 
oxidised by chromic acid, is converted into the 
corresponding di-carboxylic acid. 

If the dhcarboxylic acid so obtained gives the pro¬ 
perties of phthalic acid or isophthalic, the dLlialogen 
•derivative in question will be confirmed to be ortho 
or meta accordingly, otherwise, it is para. 

Second method. 

Korncr’s method used for establishing the con¬ 
stitution of any dLderivacive of benzene, is based 
on further replacement of one more nuclear hydro¬ 
gen atom by a similar or dis-similar group or of an 
atom. The number of isomers possible from the 
trLsubstitution products, determines, whether the 
dLsubstitution product was ortho or meta or para. 
If the number of possible isomers of the tri-substitu¬ 
tion product are two or three, the original dL 
substitution product must be ortho or meta respec* 
lively, whereas, if the tri-substitution product exists 
in only one form, the dLsubstitution product is para. 
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4. ComparisoD ol Benzaldehi^de aod Acetaldehyde. 

Benzaldehyde (C 0 H 5 .CHO) resembles acetalde^ 
hyde in almost all the chemical reactions (described 
in table No^ 10 and 11) except the following :— 

L Benzaldehyde (CaHs.CHO) does not reduce 
Fehling’s solution. 

2 . Benzaldehyde gives hydrobenzamide with dry 
ammonia instead of benzaldo-ammonia. 

3C,H5.CH0+2NH3 * (C6H5\CH)3N2+3H,0 

Hydrobenzamide. 

3. Benzaldehyde does not form resin with caustic 
soda. It resembles formaldehyde in giving Canni* 
ZZUro^s reaction with NaOH or KOH. 

2 CoH 5 .CHO+OH.Na == CsH^.CHa.OH 
Benzaldehyd. Benzyl d-CeHs.COONa 

alcohol. Sodium 
benzoate. 

4. Benzaldehyde gives numerous condensation 
product. 

5. Benzaldehyde is nitrated and sulphonated 
with strong HNO3 and H2SO4 respectively, giving 
meta substitution products, (Crum Brown and 
Gibson*s Rule), 

6 . Test. 

Benzaldehyde smells strongly like bitter almond 
and its characteristic smell is takes as its convenient 
test. 



HELPFUL QUESTIONS. 

( Mostto from Examination Papers ) 

L Write notes on (i) Isomerism, (ii) Intramolc-. 
cular change, (iii) Substitution. 

2. How is the methane prepared in the labora* 
toty ? What ate the chief properties of this com# 
pound ? “Methane is a saturated hydrocarbon**. 
Explain this statement. 

3. Write a note on the paraffin series of hydro# 
carbons giving their general formula, general 
methods of preparation, and chemical behaviour. 
What does the term “paraffin” signify / 

4. What are kerosine oil, vaseline and glyce# 
rine ? Write a short note on the kerosene oil 
industry. 

5. Describe Wurtz*s synthesis of the paraffin 
hydrocarbons. How, with the help of this reaction> 
may methane be converted into ethane I 

6 . How will you convert : 

(a) Methyl chloride into methane ; 

(b) Methane into methyl bromide ; 

(c) Propionic acid into ethane ; 

(d) Ethane into carbondioxide. 

Give the structural formula of all the above conu 
pounds. , 

7. Describe any experiment you can perform to 
show the products of the destructive distillation of 
wood. 

8 . Describe a method for the manufacture of 
methyl alcohol* 
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9. What is the action of sulphuric acid on ethyl 
alcohol* Give the conditions, under which the 
various products are formed. 

10. Give the methods for preparing (a) methyl 
alcohol, (b) methylated sprit, (c) ethyl alcohol and 
their principal properties. 

U. Starting from methyl akohol, explain, illus¬ 
trating your answer by equations, how ethyl alcohol 
is produced. 

12 . What is the action of phosphorus trichloride 
on alcohol is general. 

13. What reactions have led to the adoption of 
CH.s.CH^OH as the constitutional formula for ethyl 
alcohol ? 

14. How is ethyl alcohol prepared on a large 
scale ? Mention the various raw materials used and 
state the changes involved in their conversion into 
ethyl alcohol. 

15. What are the products obtained by the oxi¬ 
dation of ethyl alcohol ? 

16. Explain clearly, what you understand by 
fermentation, 

17. Write a note on alcoholometry, 

18. Describe the preparation of a fairly pure 
specimen of acetaldehyde. By what tests will you 
identify a solution of acetaldehyde ? 

19. Explain the action of formaldehyde on each 
•of the following : (a) ammonical silver nitrat^ (b) 
hydroxylamine, and (c) phenylhydrazine. Show, by 
means of complete structural formula, the relation- 
^ip existing between formaldehyde, methyl alcohol 
and methane. 
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20. Give the chief chemical properties of methyl 
alcohol. How may it be distinguished from ethyl 
alcohol ? What different uses is methyl alcohol 
put to ? 

21 ^. What are the usual methods of preparing 
acetone in the laboratory ? How is it manufactured 
industrially ? Compare and contrast the properties 
of acetone and acetaldehyde. 

22. How is pure acetaldehyde prepared ? DescrL 
bed its properties, giving a sketch of the apparatus. 
Give equations. 

23. By what different methods may formalde¬ 
hyde be synthesised ? How does it react on (i) hyd- 
gen cyanide, (ii) sodium hilsulphite, (iii) phenyl 
hydrazine, (iv) phosphorus pentachloride, and (v') 
sodium hydroxide ? Give equations, and name the 
products obtained in every case. 

24. How is acetaldehyde prepared from ethyl 
alcohol ? How does rhe structural formula given to 
it accounts for its properties ? Illustrate your a ns. 
wer with examples. 

25. How are formaldehyde and acetone prepar. 
ed ? Compare and contrast the behaviour of an 
aldehyde and a ketone. 

26. Describe a method for the preparation of an 
aqueous solution of formaldehyde. State it impor¬ 
tant properties, giving equations, 

27. Suppose you are given four liquids and told 
that amongst them are :—Methyl alcohol, ethyl alco¬ 
hol, acetone and formalin. How would you proceed 
to discover, which was which ? 

28. Give general methods of formation and 
important reactions, of fatty acids. How would you 
convert a fatty acid into (a) a paraffin, (b) an alde- 
Jbydet and (c) a ketone ? 



( 310 ) 


29. How can a pute, anhydrous sample of formic 
acid be prepared in the laboratory ? In what impor¬ 
tant respects, does it differ from acetic acid ? 

30. Describe a method for preparing formic 
acid, and compare its properties with those of acetic 
acid ? 

31. How is ordinary vinegar manufactured ? 
How Would you prepare from it (a) glacial acetic acid^^ 
(b) marsh gas, and (c) acetone I 

32. How would you obtain : 

(a) Acetamide from acetic acid ; 

(b) Methyl alcohol from methylamine ; 

(c) Methylamine from acetamide ; 

Give all necessary equations. 

33. Compare the properties of fats and soaps,, 
and show how you will distinguish them experi¬ 
mentally, 

34. How is methylamine prepared ? Compare 
its properties with that of ammonia. Show the 
structural relationship between these compounds I 

35. What are the differences between an amine 
and an amide ? How will you distinguish one from 
the other ? How an acetamide is converted intO' 
methylamine ? 

36. Describe all the points you know, in which, 
oxalic acid and tartaric acid resemble and differ. 

37. Compare in a tabular form the properties of 
urea with those of acetamide. By what tests can 
these compounds be distinguished from each other ? 

38. How may glycerol be synthesized ? 

39. How is acetyl chlotide acted upon bv each of 
the following substances (1) water, (2) ethyl 
alcohol, (3) ammonia, (4) sodium acetate ? Give 
equations. 
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40. What is the action of a boiling solution of 
caustic soda on the following substances :—(a) ace., 
taldehyde, (b) acetamide, (c) chloroform, and (d) fats. 

41. Compare and contrast the physical and 
chemical properties of ethyl alcohol, glycerol and 
phenol. 

42. How would you prepare acetyl chloride ? 
Draw a neat sketch of the apparatus you will use 
and give by means of equations the action of water, 
ethyl alcohol, and ammonia on acetyl chloride. 

43. What is soap ? Can soap be prepared from 
kerosene oil ? Describe briefly the manufacture of 
soap. 

44. Give the methods of preparation and pro¬ 
perties of ethers. Why do you present diethyl ether 
as CiH-i.O.CiHs ? 

45. Describe, with all essential details, along with 
the sketch of the apparatus used, the preparation 
of ethyl ether. How would you purify and make it 
anhydrous / 

46. How is aniline related to benzene ? How 
may it be obtained from benzene. Give important 
tests and uses of aniline. 

47. Write all you know about aniline. 

48. Make a comparision between methylamine 
and aliline as regards their properties. 

49. Give the important points of distinction bet¬ 
ween the aliphatic and the aromatic compounds. 

50. What do you understand by the terms—(a) 
carbohydrate ; (b) monosaccharide ; (c) aldose ; (d) 
fermentation ; and (e) inversion ? 

51. What simple tests would you carry out to 
show that (i) Gur (from sugar-cane juice) contains 
both can sugar and grape sugar ; (ii) What contains 
starch; (iii) “tincture iodine’* contains ethyl alcohol ? 
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52. Describe the preparation of ethyl bromide ia 
the laboratory, giving a neat sketch of the apparatus* 
Give the various important synthetical reactions of 
this compound. 

53. Describe two different reactions by which it 
is possible to go up the series. By what reactions 
may methyl alcohol be converted into ethyl alcohol 
and vise versa ! 

54. From what source is phenol obtained ? Com* 
pare the properties of phenol and ethyl alcohol. 

55. Give equations to present the following 
reactions 

Action of amrnonical silver nitrate on glucose ; 

Action of phenylhydrazine on glucose ; 

Action of hot, concentrated hydrochloric acid 
on cane sugar. 

56. Describe, with experimental details, how 
chloroform is prepared, givining a sketch of the 
apparatus used. What are its important properties ? 

57. Explain the meaning of the following terms: 
(a) additive product; (b) double bond ; (c) triple 
bond ; (d) polymerization, and condensation. 

a 

58. Compare the properties of ethylene and 
acetylene. How are they prepared and synthesised. 






